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Executive Summary

A ten-year vegetation monitoring study of the drawdown zone of Duncan Reservoir was
undertaken from 2009 to 2018 as part of the implementation of the Duncan Dam Project Water
Use Plan (WUP). Commencing in 2008, the WUP Alternative S73 (Alt S73) for Duncan Dam
operation changed the reservoir fill to reach full pool (576.7 m) between August 1 and 10. The
reservoir level then decreased to 575.5 m and was maintained within 0.3 m of this level until
September 5. The Pre-Alt S73 regime was slightly lower, and the reservoir reached an average
fill level of 575.8 m by July 29 and varied within 3.8 m of this level to August 18. Prior to
implementation, the WUP hypothesized that the Alt S73 regime could result in an ecological trade-
off, with a promotion of riparian vegetation along the Lower Duncan River below Duncan Dam
versus a decrease in riparian vegetation in the drawdown zone of Duncan Reservoir, due to the
increased inundation elevation and duration.

Subsequently, this study evaluated the impacts from the implementation of Alt S73 on riparian
vegetation in the reservoir drawdown zone. The study assessed the hypothesized vegetation
decrease, and provided guidance for reservoir management, through improved understanding of
the relationships between reservoir regime, physical environmental conditions and characteristics
of the different riparian plant species.

To address the management questions and hypotheses about changes within the riparian habitat
communities, vegetation community dynamics were monitored at twelve sites around Duncan
Reservoir; these were primarily on alluvial fans (outflow deltas) from tributary creeks. The
vegetation communities at these sites were assessed with interpretation of orthorectified colour
aerial photographs, taken at three-year intervals. Complementary field inventory assessed
vegetation in 600 to 2,000 quadrats along 30 belt transects that extended from the full pool
shoreline down to depths of 10 m into the drawdown zone. These transects were similarly revisited
at the three-year intervals, including 2009, 2012, 2015, and 2018.

Change-detection mapping revealed a reduction in reservoir vegetation over the study interval,
especially from 2009 to 2012, and gradually to 2018. The sparsely vegetated area decreased
while the area of barren ground correspondingly increased four-fold (15.7 per cent of the total
sampling area in 2009 versus 61.2 percent in 2018). Reciprocally, the overall vegetated area
decreased by about one-half (85.4 per cent in 2009 to 39.9 per cent in 2018). This reduction
primarily occurred in the lower drawdown zones, 4 to 8 m elevation below full pool, where sparsely
vegetated bands become more barren. There was generally slight change in the zones of
perennial vegetation and woody vegetation, primarily willow shrubs, which were restricted to the
upper 2 m below the full pool shoreline. In that upper band, there were sparse saplings of the
predominant regional riparian tree, black cottonwood, Populus trichocarpa, in 2009 but very few
saplings thereafter, indicating the lack of cottonwood colonization with the Alt S73 reservoir
regime.

The decrease in vegetation in the drawdown zones was associated with increased inundation
duration with the Alt S73 reservoir regime. Along with inundation, the vegetation distribution and
abundance were also influenced by environmental conditions, being favored by finer substrate
texture (sands and small gravels) and flatter slope. The weather within and across years would
also influence plant colonization and growth. Large woody debris was floated to the shorelines
with the reservoir rise, covering and scouring prospective vegetation bands, and contributing to
the decrease in juvenile woody vegetation (0.5 m to 2 m tall) within the upper metre of elevation
below full pool.

Species richness, the number of plant species, was highest near the full pool shoreline and
decreased as elevation decreased and inundation duration increased. Richness varied
substantially across the reservoir sites and was proportionally consistent across those sites over
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the study interval from 2009 to 2018. The primitive plant horsetail (Equisetum spp.) was the most
common plant in the drawdown zones and was prolific at the gradually sloped site near the delta
formed by the Duncan River inflow. The second most abundant plant species, Carex utriculata
(beaked sedge), declined after 2009 and this wetland graminoid may be a diagnostic indicator to
assess the effect of reservoir regulation on riparian vegetation.

These analyses revealed that riparian vegetation was generally sparse in the drawdown zone of
Duncan Reservoir and was further decreased with a revised regime that increased the frequency
and duration of inundation of the upper drawdown zone. The study also provides information on
the important environmental factors including elevation, substrate texture and slope, as well as
the varying inundation tolerances versus exposure requirements for the different native plant
species as well as for disfavoured plants such as invasive weeds. The findings will be instructive
for developing dam operational regimes that could benefit riparian vegetation communities and
ecosystems, as well as increasing survival for transplanting or seeding projects for reservoir
enhancement. In particular, reducing the frequency and duration of flooding of the upper band
could allow perennial vegetation, including riparian shrubs, to expand in that upper area of the
reservoir drawdown zone. This might enhance riparian vegetation especially on the alluvial fans
of inflowing creeks, and on the aggrading delta from the inflow of the upper Duncan River into the
Duncan Reservoir.

KEYWORDS Duncan Dam, Duncan Reservoir, Drawdown Zone, Inundation Tolerance, Riparian
Vegetation

Management .
Question Final Study Year 4 (2018)
1) Will the The analyses of aerial photographs from 2009, 2012, 2015 and 2018, with

implementation of
DDM WUP result in
neutral, positive, or
negative changes to
riparian vegetation
communities within the
drawdown zone for the
Duncan Reservoir?

vegetation mapping based on field assessment, revealed a progressive
decrease in the area of sparse vegetation within the sampled areas of the
reservoir drawdown zone. Conversely, over the decade, there were equivalent
increases in the areas that were barren, and this indicated a widespread
transition from sparse vegetation to barren. This change was partly due to the
change in the seasonal pattern of the reservoir level, which accompanied Alt
S73. These findings oppose the null hypothesis, Hoi, and indicate that Alt S73
resulted in decreases in the areas of vegetation communities within the Duncan
Reservoir drawdown zone. This finding is consistent with the prediction that
accompanied the Water Use Planning (WUP) process that led to the selection
of Alt S73 for implementation with the Duncan Dam operation.

Repetitive field inventories of 600 to 2,000 quadrats in the Duncan Reservoir
drawdown zones in 2009, 2012, 2015 and 2018 revealed declines in
occurrences and especially abundances of various riparian plants. Multivariate
modeling revealed that the vegetation cover (abundance) was positively
associated with the exposure interval, which is the inverse of the duration of
inundation from reservoir flooding. This opposes Ho2 and indicates that
extended shoot and root-zone flooding impeded riparian vegetation. This
provides an ecophysiological mechanism that underlies the decline in riparian
vegetation in the Duncan Reservoir drawdown zone that followed from the
implementation of Alt S73.

Vi



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

Table of Contents

O 11 To [8 o 1o o TP UPPTP PO 12
O R o (o =T ol Q@ A=Y oY= PP PRPT 12
N =7 Tod (o {011 o o [P POPPPPRTPT T 15
1.3 Project ODJECIVES ANA SCOPE ... ..uuiiiiiiiiiiiiiti ittt e e e e e et e e e e e e s e anabeee e e e e e e e e annneees 15

2 O B Y= 1 Lo o ST POOUPPPRTPT 17
P2 R (01 (=] o= gL LU F= LY = T4 T (o] o F PP OPPPPOTPPP 17

2.0 1 WBALNET ...t b bbb e e b e e e 17
2.1.2 RESEIVOIr REGUIALION .......eeiiiiiiie et s e e e e e e s e s e e e e e e e s s nnn e e e e e e e e ennnneees 19
2.2 Mapping and Analyses of Vegetation COMMUNILIES ..........evvviieeiiiiiiiiiier e e e sneeee e e e 19
Y Y Y= = VI = aTo 1 (oo = o] VPSPPSR 19
2.2.2  GIS MEINOM .ot b bbb neee 20
2.2.3  Vegetation MaPPIiNG .......cooi oot e et et e e e e e s e e e e e e e e e e abeaeeeae e e s e anbbeeeeaaeeaaan 20
224 DALA ANAIYSES ..eeeeiiieei ettt et e e e e e e e e e e e e e e e e e abbe e e e e e e e e e nanrees 23
PR B 1= (o IS T 4 o] 1 o TR PRPTPPPRTRN 25
2.3.1  Ground Level Photo-Monitoring POINES .........coiiiiiiiiiiiiei e 25
RS I ST 10 1] o] [Tg Tl D=1 T | o AU P TR 26
2.3.3  Vegetation RIChNESS AN COVEN ......cccciiiiiiiiiiiie e ieccieee e e e seee e e e e s e s e e e e e s s e nnnbeeeeeaeesanns 28
2.3.4  ENVIFONMENTAI FACIOIS ...coiviiiiiiiiiie ettt e e st e s bt e e s nbbe e e e aneee 30
2.3.5  Vegetation Characteristics (quadrat based)...........cccueeieieeiiiiiiiiiiie e 34
2 N G T A o = V=PRSS 36

I O ] U I S PP 39

T N 101 = = T U= LIV T =i o o F O PSPPSR 39
o 0 I O ViYL= 1 1= PP TR 39
3.1.2 RESEIVOIT LEVEL. ...ttt e e e e e st e e e e e e e s e aaabbe e e e e e e e e e nnneees 41
3.1.3  The 851 PEICENTIE .. .cc.vii ettt st e et e e st e e st e e st e e snbe e e staeesnbeeenreas 46

3.2 Mapping and Analyses of Vegetation COMMUNILIES ...........ueiiiiiiiiiiiiiiiiie e 47
3.2.1  Ordination Of SItES DY AFBA .....coiieiiieii it 55

I TR T 11 [0 IS TV a o] o] 1 o [ U UTT T UPUPPPPPTTN 57
3.3.1  Ground level Photograph Monitoring POINES ..........cooiiiiiiiiiieeeiiciiiieee e sseieee e 57
3.3.2  Vegetation RIChNESS @nNd COVEN ........cciiiiiiiiiiiiiie e a e e e e e e e snrraeeeee s 88
I C B @ 1 =T = 1| I o =TT =T oV o | PRSP 88
3.3.4  ENVIrONMENLAl FACIOIS ...coiiiiiiii ittt st e e st e e st ee e s sanbeeeeees 89
T 1 T 11 = PR SRPP 89
R N ST = 1o 1 (T o B PRSP 93
3.3.7 EXPOSUIE ...ttt ettt ettt et ettt ettt ettt ettt ee et ee ettt et e e et et e et et et et et et e e et e e e e et aaaaaaaaaaes 97
3.3.8 SUDSIIALE .ottt e e e e e ettt e e e e e e s nbb et e e e e e e s e nberreeaaaaeaana 101
TR e B 1 (o] o U T TSP PRTTT PP 103
TR T O B = - T =X €1 7o 10 o T PP RTRT PP 104
3.3.11 Spatial Distribution Pattern DY SIte..........ccoiiiiiiiiiiieii e 105

3.4 Associations between Vegetation Characteristics and Environmental Factors...............cccuvveeee. 108
3.4.1  Bivariate COrITEIAtIONS .......coiiiiii ittt e st e e s e e s srreee e 108
3.4.2 Factor Analyses — Multivariate Analyses of Variance .........cccccccvvvcviiieeeee e 110
3.4.3 Predictive Modeling — Multiple Linear REQIreSSION ........cccvvviiiiieeeiiiiiiiie e e seeiieee e e e e 116
I S @ o 1 F= i o o PP PTPPRRTPRRN 122

4.0 DISCUSSION ....eiiiiiitiiiee ittt ettt ettt e e st e e st et e e e sabe e e e s aabe e e e e aabe e e e e aabeeeesasbeeeesabbeeeesabbeeeesnbbeeeeans 127
4.1 Decreased Vegetation Cover after 2009..........cooiiiiiiiiiia e 127
4.2  The Influence of Reservoir Drawdown and Fill — EXposure TimMe........c..ueevieiiiiiiiiieiieee e, 128
4.3 Hydrogeomorphic Models — Water and SUDSIIALe .........cooooiiiiiiiiiiieiiee e 129
4.4  Environmental Factors — Site and RaANK ... 129
4.5 Puddingbowl Creek — Environmental PromiSe ............cciiiiiiiiiiiiiiiiaaae et 130
4.6 The Duncan River Delta — A Riparian Wetland ComPpPleX ..........cooiiiiiiiiiiiieiniieee e 132

L O I 10 ] N[ 01511 N PRSPPI 134

6.0 Management RECOMMENTALIONS ......uuiiiieiiiiiiiiieee e e e s e st re e e e e e s s s e e e e e e s srnb e e e e e e e s s snnraneeeeeeeannnnnnnes 136

A O O 0 1] 6 | ] PSRRI 139

8.0 REFERENCES...... .ottt ettt e e e sttt e e e ekttt e e et bt e e e ettt e e s anbbe e e s anbaeeeeanbaeeeenneee 140

Vi



March, 2022

File: 17.0057.00_003
VAST Resource Solutions Inc.

Duncan Reservoir Riparian Vegetation Monitoring
DDMMON#8-2

BC Hydro

Figure 1-1:
Figure 1-2:
Figure 2-1:
Figure 2-2:
Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:

Figure 3-6:

Figure 3-7:
Figure 3-8:

Figure 3-9:

Figure 3-10:

Figure 3-11:
Figure 3-12:

Figure 3-13:
Figure 3-14:
Figure 3-15:
Figure 3-16:

Figure 3-17:
Figure 3-18:

Figure 3-19:

Figure 3-20:
Figure 3-21:

Figure 3-22:
Figure 3-23:

Figure 3-24:

List of Figures

The area with Duncan Lake and subsequently Duncan Reservoir, Canadian federal

topographic maps from 1959 and 1992. ... 13
A composite Landsat image with reservoirs and lakes of the West Kootenay region in
southeastern British Columbia, including the Duncan Reservoir (Google Earth). ............... 14
The location of Duncan Reservoir and the 2018 sampling SiteS..........cccuvveeviieiiiiiiiiieeneeeenn. 18
Riparian plant occurrence along three spatial dimensions. ..........ccccccceee e, 27
Monthly mean temperatures and the monthly total precipitation (Precip.) for the field study
years of 2009, 2012, 2015, and 2018. .......ccooeiuriiiiieee et e e 39
Monthly mean temperatures (T) and the monthly total precipitation (Year.) for the Alt S73
project years 0f 2008 t0 2018.......cccceiiiiiiiiiiiee e e it e e e s e r e e a e e s e e e a 40
The number of days with at least 1 growing degree day for the months of the spring
growing Season acroSS SAMPIING YEAIS. .....uuuiiiiii et e et e e e e e e e e e aneeaeeeaeas 41
Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC Station
O8NHL27) 1967 — 20L8......ueeiiitiieiiieeieeeetee et e et e et e et e e sabe e sibe e s be e e sabeeabeeabeeessbeeanbeeannneens 42
Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC Station
O8NHL27) 1967 — 20L8......ueeiiitiieiieeeitee ettt etee e stbe et e sabe e sabe e s be e e sabeesbeeabeeessbeeabeeannneens 43

Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC Station
08NH127) for July 1 to September 30 with the top 4 m change in elevation from full pool

] 11011 o R PSR R PP RPN 44
The 2017 reservoir stage during the growing season with the average weekly stage and the
851 PEICENTIE IEVEN ...ttt et tre e 45
The per cent of the site within the drawdown zone that was exposed for 85 to 100 per cent
(85" percentile) of the growing season for 2008, 2011, 2014, and 2017. .......cc.ccccvvevveennee. 46
Total area (ha) for Sites 1 to 7 for Bare ground, Herbaceous, and Shrub cover for 2009,
2012, 2015, @Nd 2018. ....ooiiiiiiiiiieiie ettt e bbb et e be e nabe e enbeeenbeas 48
Total area (ha) for Sites 9 to 14 for Bare ground, Herbaceous, and Shrub cover for 2009,
2012, 2015, @Nd 2018. ....ooiiieiiiiiiieiee ettt bbb b et e be e nabe e snbeeenbeas 49
Air photos of Site 13 in June 2015 and in June 2018. ........cocuiiiiiiiiiiiieie e 51

Bare ground, horsetail, and the Shrub community for each study year (A). Bare ground with
trace vegetation and Herbaceous communities combined for the four study years (B). .....54
Comparison of the area of Bare and vegetated ground cover for the reservoir for 2009 to

2018 SAMPIING YEAIS. ...uutieieiieeeieiiteie e e e e e e e e e s e s s e e e e e e s e st eeeaeeesasnetaeeeeeeessnnnrnreeeaes 55
Nonmetric multidimensional scaling (NMS) applied to the area occupied by the community
for each site for each sampling YEaAr. ........uvviiiiiiii e 56
Mean (z s.e.) Total, Herb, Shrub, and Tree quadrat Cover for all of the reservoir sites
combined, across the four SAMPpPliNg YEAIS..........ueiiiiii i 88
Total Richness (number of species) for all of the sites at the reservoir across years,
grouped into three classes (Herb, Shrub, and Tree)........ccueeiiiiiiiiii e 89
Total mean (+ s.e.) vegetation cover for each Site for 2009 t0 2018.........ccceeeiiiiiiiieeneaennn. 90
Mean (+ s.e.) per cent Cover for the five dominant plant species versus Sites in 2018 (A:
annual; P: perennial). For Site 13, Equiv_arv was 43.8 per cent (s.e. 4.6) cover................ 91
Plant species Richness versus Site along the Duncan Reservoir drawdown zone in 2009,
2012, 2015, @NA 2018. ....ooiiiiieeirie ettt 92
Shannon-Wiener indices of diversity (H’) by sites for 2009 to 2018. ..........coooiiiiiieieerininns 92
Mean vegetation per cent versus elevation for quadrat data grouped in 1 m elevational
intervals for 2009 10 2018 .....cci it e e e e e e e e e e e e e e eaeeeaans 93
Mean per cent cover for Herb (H), Shrub (S), and Tree (T) quadrats for the four sampling
years within the -2 m change in elevation brackets from full pool. .............ccccccoiie. 94
Mean per cent cover for the five dominant plant species versus elevation brackets within
the drawdown zone of Duncan Reservoir in 2018. ..........oooiiiiiiiiiiee e 95
The mean per cent cover for annual and perennial plants versus the elevation brackets at
which they 0CCUrred iN 2018. ......coeiiii i s e e e e s e e e e e e e s s nnnraneeaaeeeanns 95

viii



March, 2022

File: 17.0057.00_003
VAST Resource Solutions Inc.

Duncan Reservoir Riparian Vegetation Monitoring
DDMMON#8-2

BC Hydro

Figure 3-25:
Figure 3-26:

Figure 3-27:
Figure 3-28:

Figure 3-30:

Figure 3-31:
Figure 3-32:

Figure 3-33:
Figure 3-34:

Figure 3-35:
Figure 3-36:
Figure 3-37:
Figure 3-38:
Figure 3-39:

Figure 3-40:

Figure 3-41:

Figure 3-42:

Figure 4-1:
Figure 4-2:

Figure 4-3:

Plant species richness versus elevation in the Duncan Reservoir drawdown zone in 2009,

2012, 2015 QN0 2018 ...ooeeiiiiie ettt e e et e e e e rba e e e e rreeeeannes 96
Vegetation diversity (Shannon-Wiener diversity (H")) versus 1 m elevation brackets for 2009
L(o 22 01 R T SRR 97
Exposure time versus elevations across the study Years. ........ccccceeeviiiiiiireee s 97
Mean vegetation per cent for the reservoir for each year versus the exposure days that
occurred for the year preceding the June sampling date of the vegetation. ....................... 98
Mean substrate texture index versus elevation grouped into 1 m elevational intervals for
2009, 12, 15, @NA 18. ..ooiiiiiiiiie ittt e e b e e e b e e e s anbeea e 101
Mean substrate texture index for each site for 2009, 2012, 2015, and 2018..................... 102
Mean vegetation cover versus the substrate texture index for all sites in the drawdown zone
of Duncan reservoir for 2009 10 2018.......cooi i 102
Average cover for the five dominant species in 2018 versus substrate texture index....... 103
Mean vegetation cover versus slope for all Sites in the drawdown zone of the Duncan
reservoir for 2009 t0 2018. ....cooi it e e e e e 104
Mean bare ground and litter covers by sites for 2018. ..........ooiiiiiiiiiiiiiiii e, 104
Mean bare ground and litter covers by elevation for all sites combined. ..............cccuvveee. 105
2009, 2012, 2015, and 2018 mean vegetation cover versus mean species richness for
quadrats at 12 sites in the drawdown zone of Duncan ReSErvoir. ........cccccoeecvvvieeeeeeiininnns 107
Vegetation Cover of the resequenced field study Sites along the Duncan Reservoir, based
on the average vegetation Cover of the quadrats at each Site in 2009...........cccccceeeevienns 118
Histogram of the Studentized residuals from the selected three factor Multiple Linear
Regression model for vVegetation. ............cuueiiiiii i 120

Nonmetric multidimensional scaling analysis (NMS) plot showing ordination of sites for the
four years with environmental and vegetation type vectors. The vectors are the averages
for each Site DY the YEAI. ... 123
NMS dominant species as the sampling unit and site as the response for the 4 study years
grouped by vegetation type. The S or T after the species code is the size of plot it was
recorded in (S = Shrub plot, woody species <2 m tall and T = Tree plot, woody species >2

m tall) and thus the growth fOrm. ... 124
Two way cluster analyses for the dominant species and the four study years. ................. 126
An aerial view of the Puddingbowl Creek Site, with the Duncan Reservoir at full pool. ..... 131
An upstream view of the Duncan River from the bridge at the north end of Duncan

ST Yo | PSPPSRI 132
A downstream-facing, aerial view of the delta zone where the upper Duncan River flows into
the DUNCAN RESEIVOIN. ...ttt e e ettt e e e e e e et e e e e ae e e e e annnbeeeeaaeeeanns 133




March, 2022

Duncan Reservoir Riparian Vegetation Monitoring

File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro

Table 2-1:
Table 2-2:
Table 2-3:
Table 2-4:
Table 2-5:
Table 3-1:
Table 3-2:
Table 3-3:
Table 3-4:
Table 3-5:
Table 3-6:
Table 3-7:
Table 3-8:

Table 3-9:

Table 3-10:
Table 3-11:
Table 3-12:
Table 3-13:
Table 3-14:
Table 3-15:
Table 3-16:
Table 3-17:

Table 3-18:

Table 3-19:

Table 3-20:

Table 3-21:

Table 3-22:

Table 3-23:

Table 3-24:

List of Tables

Vegetation type and community codes used for air photo mapping ........ccccceevviiivieeeeeenninnnns 21
Sample size (n) required to avoid Type Il errorr for 2009 an 2012 ........ccooviiiiiiieieeeiniiiineenn. 23
Per cent cover codes, with a description of the Codes ... 28
Aspect related solar-drying index used for aspect analysis. .........cccooiveiiieiieniiiiiiiieeee s 31
Designations for vegetation study sites along the Duncan ReServoir..........ccccceevvvcvvieeneeenn. 36
The dominant plant species, cumulative cover, species richness, and overall reservoir
vegetation cover totals for Site 1 iN 2018 ......ccceoiiiiiiiiiieee e e 58
The dominant species, cumulative cover, species richness, and overall reservoir totals for
1 (=2 o 2 SRS 60
The dominant species, cumulative cover, species richness, and overall reservoir totals for

IS (IR BT o 2 SRR 63
The dominant species, cumulative cover, species richness, and overall reservoir totals for

RS C I T o T USRS 65
The dominant species, cumulative cover, species richness, and overall reservoir totals for

S TN Lo A PSRRI 67
The dominant species, cumulative cover, species richness, and overall reservoir totals for
1 (GRS SRR RR 69
The dominant species, cumulative cover, species richness, and overall reservoir totals for
1 (AT o 2 ST PR PSP 71
The dominant species, cumulative cover, species richness, and overall reservoir totals for
1 (I o 2 PP RP 73
The dominant species, cumulative cover, species richness, and overall reservoir totals for

R N O I T2 0 SRR 76
The dominant species, cumulative cover, species richness, and overall reservoir totals for

RS (0 T T2 0 SRR 78
The dominant species, cumulative cover, species richness, and overall reservoir totals for

R N A T T2 O USRS 80
The dominant species, cumulative cover, species richness, and overall reservoir totals for
1 R I T T2 O RSP RP 83
The dominant plant taxa cover rank for 2009, 2012, 2015, and 2018.............ccccvvvvveeeeeiinnns 90
Exposure time (days) that occurred during years from 2008 t0 2017 .......ccccceveeeevvicvvvieneeeennn. 98
Monthly inundation percentage for the Alt S73 time period. .......ccccccevvvviiiivee e 100
Pearson product correlation coefficients (r) between paired environmental factors, assessed
at four triennial intervals, at twelve Sites along the Duncan Reservoir ............cccccoeeviineeeen. 108
Pearson product correlation coefficients (r) between paired vegetation characteristics, for, at
twelve Sites along the DUNCAN RESEIVOIT...........ueiiiiieiiiie e 109

Pearson product correlation coefficients (r) between selected environmental factors and
vegetation characteristics, for ~600 vegetation quadrats assessed at four triennial intervals,

at twelve Sites along the DUNCAN RESEIVOIN. .........cciiiciiiiiiee e e e erareeee s 110
Coefficients of determination (R?) for Cover and Richness and a Combined measure from
MANOVAs that investigated effects from 1, 2 or 3 environmental factors..............ccccceeeeen.. 112
SPSS MANOVA output for the best-fit three factor model, which combined Year, Location
AN SUDSIIALE. ...eeiiiiiiiiie ettt e e et e e et e e e et e e e b e e e aneee 114
SPSS MANOVA output for a near best-fit three factor model, which combined Location,
EXposure time and SUDSIFALE. .........ooii i e e e ee e 115
Results of the Multiple Linear Regression for vegetation characteristics of quadrats in the
drawdown zones of the DUNCAN RESEIVOIN. ........ouiiiiiiiiiiiie et 119
Multiple Linear Regression coefficients for the selected, three factor model for vegetation
Cover in drawdown zones of the Duncan RESEIVOIr. .........ccoouiiiiiiiiiiiieeee e 120
Multiple Linear Regression coefficients for the selected two factor model for vegetation
Richness in drawdown zones of the Duncan RESEIVOIr. .........cceveiiiiieeiiiiie e 122




March, 2022 Duncan Reservoir Riparian Vegetation Monitoring

File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro
List of Appendices
Appendix 1: Site Descriptions, Characteristics, Reservoir and Upland Plants Classifications................. 143
Appendix 2: Reservoir Elevation Analyses Table and Plant Community Area Table.............cccccoeeee. 151
Appendix 3: Additional Ordination GraphS...........ooiii i e s 154
Appendix 4: Statistical ANalySes TaDIES ...........eiiiiiie e 158
Appendix 5: Photo DOCUMENTALION ......uviiieiiiiiiiiieeee e e essiie e e e e e e s st e e e e e e e ssnta e e e e e e e s snnntnaeeeeeeeessnnrnnnenees 173
Appendix 6: Photograph Contact SNEELS...........uuiiiiieiiiiiiiecc e e e e e e snreae e e e s 204

Xi



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring

File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro
1.0 Introduction

11

Project Overview

This report summarizes the fourth and final field season (Study Year 4, 2018) of the 10-year
riparian vegetation monitoring study for the Duncan Reservoir drawdown zone
(DDMMON#8-2). Hypotheses testing and the management questions are assessed in this
final report.

Prior to the Duncan Dam, the original Duncan Lake was 25 km long and outflow from that
lake to the lower reach of the Duncan River commenced approximately 4 km upstream from
the current dam location. The original location of the community of Houser was at the
downstream end of Duncan Lake and was moved to higher ground due to the subsequent
flooding and enlargement of Duncan Lake, which created the Duncan Lake Reservoir
(Figure 1-1). This reservoir is sometimes referred to as Duncan Lake but since the natural
lake represents less than one-half of the reservoir area, we will refer to the impoundment
as the Duncan Reservoir. Zones flooded with the Duncan Reservoir, included riparian
floodplains (1), wetland complexes (2), and multiple channels and riparian complexes with
inflows of Howser (3) and Glacier Creeks (4) (Figure 1-1) (Utzig and Schmidt 2011).

The Duncan Reservoir extends northward from the Duncan Dam, which was constructed
11 km north of Kootenay Lake, in the central Columbia Mountains of southeastern British
Columbia (Figure 1-2). The Duncan Reservoir is 45 km long, averages 1.5 km in width, and
is fed by a rugged, high-elevation drainage area of 2,010 km? (Miles 2002). Both the
Kootenay Lake and the Duncan Reservoir are situated in the Purcell Trench, which was
formed by a geologic fault that somewhat parallels the Continental Divide. The Purcell
Trench was scoured by glaciers to form the steep-walled, U-shaped valley that contains
these two water bodies (Figure 1-2).

Operational changes were recommended in 2005 by BC Hydro’s Duncan Dam Water Use
Plan Consultative Committee Report (DD WUP CC). This was part of a larger process for
the lower Duncan River and Duncan Reservoir to address environmental and social issues
(BC Hydro 2005). The recommended new operating Alternative S73 (Alt S73) regime (fill
and drawdown level control) has been implemented since January 2008 under the Water
Act Order for Duncan. Alt S73 regime has the reservoir reaching full pool (576.7 m) between
August 1 and August 10, and then levels decrease to 575.5 m and are maintained within
0.3 m of this level until September 5" (BC Hydro 2009).

Alt S73 was expected to have a negative impact on the wildlife habitat along the Duncan
Reservoir as a result of decreasing vegetation distribution and abundance (cover) (BC
Hydro 2005). To test this prediction, a longer-term wetland, and riparian vegetation-
monitoring program was recommended by the DDM WUP CC to assess Alt S73. This would
involve analyses of riparian vegetation distribution and abundance (cover) and testing of
hypotheses underlying the Water Use Plan (WUP).

This study was designed to sample and analyze the conditions of vegetation communities
triennially for 10 years and thus to track changes in vegetation distribution and cover
following the implementation of Alt S73. The study involved repetitive vegetation surveys in
2009, 2012, 2015 and 2018, thus providing a 10-year monitoring and assessment project.
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Figure 1-1: The area with Duncan Lake and subsequently Duncan Reservoir displayed

in 82K Lardeau, 1:250K Canadian federal topographic maps from 1959 (left,
based on aerial photographs from 1953) and 1992 (right, aerial photographs
from 1977, with updates based on 1987 satellite imagery).
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Figure 1-2: A composite Landsat image with reservoirs and lakes of the West Kootenay

region in southeastern British Columbia, including the Duncan Reservoir
(Google Earth). Duncan and Keenleyside Dams were constructed following
the Columbia River Treaty and the older Corra Linn Dam slightly elevates
Kootenay Lake; arrows indicate river flow directions.

14



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring

File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro
1.2 Background

1.3

Data from storage reservoirs world-wide indicate that reservoir drawdown zones impose
physically stressful environments for vegetation (Nilsson and Keddy 1988 and Hill et al.
1998). Drawdown or storage reservoirs are very common worldwide and are managed to
retain flows during certain intervals with subsequent controlled release of the stored water.
These reservoirs provide strategies to reduce downstream flooding; enable hydroelectric
power generation; provide off-stream water for agricultural, urban and industrial uses; and
enable environmental in-stream flows for aquatic or riparian ecosystems and various other
applications.

Accompanying the manipulation of seasonal river flows and water supplies, there are
periodic filling and drawdown of the storage reservoir pools. When full, reservoir banks are
completely inundated, while during the drawdown, those same zones become fully
exposed. Aquatic plants are able to withstand inundation but are unable to survive in dry
conditions. Conversely, terrestrial plants are generally intolerant of complete inundation,
particularly when such inundation lasts for days, weeks, or months.

Wetland and riparian plants are better able to withstand cycles of inundation, but these
same plants are generally drought-intolerant. Thus, there is a general trade-off relative to
the capacity of plants to survive in very wet versus very dry environments. Consequently,
few if any plants are able to survive in reservoir drawdown zones, and these areas are
typically almost barren of vegetation (Nilsson et al. 1997, Jansson et al. 2000). The
exceptions generally involve ruderal annuals, which are species that rapidly colonize
disturbed areas, since they are able to complete their life cycle within the limited drawdown
interval (Braatne et al. 2003). Seedlings or occasionally clonal propagules of these plants
establish in the newly exposed moist reservoir shorelines and the successful plants are able
to quickly grow and reproduce, producing seeds prior to the subsequent inundation. The
ruderal annuals are commonly weedy plants that establish quickly and often have prolific
reproductive potential. Such plants are often alien species that have typically been
unintentionally introduced into a region and their prolific reproductive capacities may allow
them to colonize areas characterized by disturbance or abrupt physical change, as is
present in reservoir drawdown zones.

Despite the global abundance of drawdown reservoirs, there have been far fewer scientific
studies of associated vegetation than has been the case for many other environments, such
as wetland and riparian zones (Hill et al. 1998). Many of the same physical factors likely
underlie vegetation establishment, survival and expansion in reservoirs, wetlands and
riparian zones (Jansson et al. 2000), and the distinctive and severe reservoir environments
provide opportunities for scientific study (Nilsson and Keddy 1988, Braatne et al. 2008).
Since these zones are relatively impoverished, there are fewer species to investigate and
fewer interspecific interactions, such as competition. Since the zones are dominated by
ruderal annuals, the process of colonization is critical and may yield useful information about
the life history components of the associated plants, as well as insight into the fundamental
nature of weedy and invasive plants.

Distribution patterns predicted prior to baseline data analyses were found to be generally
accurate (Polzin et al. 2010) and some factors became better understood as the project
progressed and more data were collected.

Project Objectives and Scope

The specific program objectives are (BC Hydro 2009):
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e To map the distribution of wetland and riparian vegetation within the drawdown
zone of Duncan Reservoir using aerial photography, every third year starting in
2009;

e To monitor changes over time in the area coverage and plant species composition
of vegetated communities within the drawdown zone of Duncan Reservoir under
operating regime Alt S73; and

e To collect additional data (factors that affect vegetation composition and cover)
required for hypotheses testing and to address the management question.

The two hypotheses to be tested as part of this monitoring program in Year 4 (2018) are:

“Ho1: Alt S73 will not result in a decrease to the area and alterations in the species
composition of both wetland and riparian vegetation communities; and

“Ho2: Reservoir elevations do not affect riparian distribution and abundance (cover)
through the duration and frequency of root-zone flooding.

Hoo is designed to investigate species-elevation-exposure time relationships, and results
should facilitate predictions regarding plant community response to a given operating
regime.

The key management question is:

o Will the implementation of DDM WUP result in neutral, positive, or negative
changes to riparian vegetation communities within the drawdown zone of the
Duncan Reservoir?

The DDM WUP CC identified two performance measures for testing the effects of Alt 73 on
existing vegetation communities in the Duncan Reservoir (BC Hydro 2005). These are:

¢ Riparian habitat productivity — long term median occurrence: hectares of
herbaceous riparian habitat in the reservoir drawdown zone to an elevation of
approximately 8 m below full pool during the growing season (1 April to 30
September); and

e Riparian vegetation - inundation tolerance: hectares of potential herbaceous and
shrub areas in the reservoir drawdown zone in the growing season (1 April to 30
September).

There was an expectation that Alt S73 would decrease the area of riparian vegetation
around the reservoir drawdown zone compared to the prior operating regime (BC Hydro
2009) because the reservoir level would be held higher throughout late summer and early
fall. However, the zone around the upper elevations may be exposed longer in the spring
and early summer due to a slower fill rate, potentially providing a slightly longer pre-
inundation growing season. Reduction of the wide variation experienced in the Pre-Alt S73
regime may also contribute to a more robust riparian plant community within the first metre
drop in elevation from the full pool (576.7 m to 575.7 m).

The objectives for the Study Year 4 (this report), were to collect air photo data for mapping
the vegetation distribution in the reservoir, field data collection of on-site habitats, and photo
monitoring. Data collected in 2018 were added to the information gathered in past years
and used for hypotheses testing and the final analyses for the full study field period for June
vegetation in 2009, 2012, 2015, and 2018.
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2.0 Methods

2.1

211

Sites were pre-selected by BC Hydro (2009) and the location of them is shown in Figure
2-1. The number of monitoring sites was determined by the budget available for field
sampling and by the ease of access by BC Hydro, with a higher proportion of sites selected
in areas with high enhancement potential (BC Hydro 2009). Site selection by BC Hydro was
based on Moody (2002) with humbering changed to start from the south to the north along
each side of the lake (BC Hydro 2009). The 12 sites monitored in 2009 had monitoring
repeated in each of the subsequent years. Site 8 had to be dropped, as it was not captured
during the flight because of incorrect UTM coordinates in the TOR (BC Hydro 2009).
However, Site numbering remained the same as outlined in the TOR resulting in 12 sites
monitored but numbered 1 to 13 with no Site 8. Site 14 was added to the aerial photography
assessment in 2009 at the end of the reservoir and was not part of the field site monitoring
component (Polzin et al. 2010).

Inter-annual Variation
Weather

Daily precipitation and temperature data were downloaded from Environment Canada’s
website for the Duncan Lake Dam Station at Meadow Creek, Climate ID: 1142574. The web
site location is provided below?. Total monthly precipitation and mean temperatures for each
study year are presented for 2009, 2012, 2015, and 2018. Additionally, total monthly
precipitation and mean temperatures are shown from the start of Alt S73 (2008 to 2018).

Growing Degree Day (GDD)

Growing Degree Days (GDD) are used to estimate the influence on the growth and
development of plants and insects during the growing season. GDD is based on the concept
that development will only occur if the temperature exceeds some minimum development
threshold, or base temperature (Tnase). The base temperatures are determined
experimentally and differ across plants that are adapted to warmer versus cooler climates.
A regional review of the land, soil, and climate for crop potential in the West Kootenay, B.C.
by Roussin (2014) used a base temperature of 5°C for the GDD base calculations. A base
of 5°C was also applicable for regional cottonwoods (Kalischuk et al. 2001) and was applied
for this analysis.

Growing degree days were calculated using the following formula:
GDD = [(Tmax + Tmin) / 2] — Thase

Where: GDD = Growing degree days,
Tmax = maximum daily temperature,
Tmin = Minimum daily temperature; and
Trase = the base temperature, set to 5°C for all calculations.

lhttp://climate.weather.gc.ca/climate data/daily data e.html?timeframe=2&hlyRange=%7C&dlyRange=1

963-03-01%7C2016-07-20&mlyRange=1963-01-01%7C2007-02-

01&StationlD=1115&Prov=BC&urlExtension=_e.html&searchType=stnProv&optLimit=yearRange&StartY

ear=1840&EndYear=2016&selRowPerPage=25&Line=439&IstProvince=BC&Day=18&Year=2016&Month

=8
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Figure 2-1:
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The location of Duncan Reservoir and the 2018 sampling sites. Site 14 is
used in air photo analysis exclusively.
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21.2

2.2

221

The GDD analysis was used for the early growing season (April through June) of the year
in which field sampling occurred. All of the elevations and sites were above inundation at
those sampling times. Subsequent days with less than a GDD of 1 were excluded and all
days with GDD greater than 1 were counted to provide the spring GDD index for each year.
The longer-term GDD results are provided, using the Hawkes and Gibeau (2015) method
of presenting the results for the full growing seasons and for all years. This analysis revealed
differences in the spring conditions and another analysis was undertaken to reveal the
exposure versus inundation timing and durations through the growing season. The period
in which the plants are exposed is important for colonization, growth and development and
was assessed for many of the analyses in section 2.3.4 Environmental Factors.

Reservoir Regulation

The Duncan Reservoir level data were downloaded from Environment Canada’s Water
Survey website for Station 08NH127: located at Duncan Dam BCZ2. The previous year
(2017) was used since it was the full growing season and fill regime cycle that would impact
the vegetation of the following spring, which was monitored in June 2018. Data were
summarized by day and by each week in the growing season (April to September),
consistent with the method used for the previous years of monitoring.

The reservoir level data were used for the GIS analysis of the 85" percentile of exposed
ground during the growing season, and to determine the per cent of the area exposed at
each “high riparian potential sites” identified in the TOR (BC Hydro 2009). These included
Sites 1 to 7, 10 and 13. The reservoir level data were also used for the calculation of
exposure day’s summations for all sites as assessed in section 2.3.4. Environmental
Factors.

Mapping and Analyses of Vegetation Communities

Aerial Photography

Aerial photography was completed by Terrasaurus Aerial Photography Ltd., as
subcontracted by VAST Resource Solutions Inc. (VAST). The work corresponded to the
filling of the reservoir to reveal the sites above 566.7 m level, thus revealing the 10 m
drawdown zones. As with prior years, thirteen selected sites were located around the
reservoir (BC Hydro 2009). The June 6 2018 flight enabled 10 cm resolution (pixel size)
aerial photo acquisition, and subsequent orthorectification, colour balancing, image
sharpening and mosaic production. At that time, the reservoir level was 561.3 m, well below
the maximum target level of 566.7 m.

The air photos were analysed using a Planar Stereo/3D Monitor for stereoscopic viewing
on a computer monitor. Delineation of plant communities utilizing the orthorectified aerial
photographs provided a measurement of the area colonized by different plant communities
and the areas of bare ground. A comparison across years addressed the first null hypothesis
(Ho1) of whether changes in vegetation cover and plant community composition occurred
within the drawdown zone after implementation of Alt S73. This study approach emphasized
progressive changes with the new operating regime rather than a pre- versus post-regime
comparison since there were limited analyses prior to the WUP.

2 https://wateroffice.ec.qgc.ca/report/real time e.html?stn=08NH127&prm1=46&prm2=-1

19


https://wateroffice.ec.gc.ca/report/real_time_e.html?stn=08NH127&prm1=46&prm2=-1

March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

222 GIS Method

The use of GIS with the orthorectified aerial photographs allowed analyses of vegetation
community types, vegetation community area calculations, and inundation times that
occurred at the sampling sites. GIS analyses generated the data needed to address Ho:
and also contribute information for Ho, analyses.

The contour, mass point, and break-line data for the study area were provided by BC Hydro
in MicroStation V8 DGN format. All acquired elevation data were converted to an ArcGIS
shape file format and imported into an ArcGIS geodatabase. Utilizing the 3D Analyst
extension, elevation data were used to generate a Triangular Irregular Network (TIN) to
represent surface morphology. The TIN was used to perform an analysis of the drawdown
zone surface area, in which the surface areas above the weekly average reservoir
elevations were calculated for each week during the growing season, for each of the 12
sites. Also calculated during this analysis were the surface areas of the drawdown zone
exposed for 85 to 100 per cent of the growing season (April 1 - September 30) at each of
the 12 sites. The TIN created for each site was used for 2017 elevation-based analyses
because we sampled vegetation in the spring of 2018. GIS data submission is digital and
was submitted separately from this document.

85t Percentile

There were nine “high riparian potential” sites identified by BC Hydro (2009). For these
(Sites 1, 2, 3, 4, 5, 6, 7, 10, and 13), a weekly average reservoir elevation analysis was
completed to determine the area of each site exposed during the growing season (April 1
to September 30) (as per the TOR 2009 requirement). Determination of the area of the
drawdown zone that was exposed for 85 to 100 per cent of the growing season was also
completed for each of the nine sites using the 2017 data (Appendix 2).

In addition to the 85™ percentile, the per cent of the area exposed for each week during the
growing season for each “high potential” sites in 2017 were calculated (Appendix 2). This
was completed similarly to each of the previous study years. This information will contribute
to the data used to assess the performance measure of “Riparian Productivity — inundation
tolerance” and also the Ho; (TOR BC Hydro 2009) in 2018.

2.2.3 Vegetation Mapping

Vegetation mapping utilized the baseline data parameters and the TIN created in 2009.
Using the polygons delineated in 2009, changes in size, position, or composition of plant
communities were updated to reflect the 2018 plant community mapping. The vegetation
type (herbaceous, shrub, tree, bare) and community (community composition by dominant
cover) codes established in 2009 were used in the 2018 analysis with secondary or tertiary
cover revisions when required. The ‘dominant species’ (highest per cent cover of a
vegetation community, bare ground, or wood, etc.) was used to distinguish between
communities within a vegetation type. The original codes were utilized from 2009 and 2012
and two additional codes were added in 2015, to represent new communities. No additional
codes were required for 2018.

Barren ground was assigned a vegetation type code ‘Bare’ and broken into two types. Bare
1 (B1) was bare ground with the dominant cover being physical, with bare ground, rock,
wood, or a watercourse. Bare 2 (B2) was bare ground with trace amounts of vegetation with
species listed in dominant 2" and/or 3" (Table 2-1). This was consistent with 2009, 2012,
and 2015 methods. B2 vegetation was less than 15 percent cover for the delineated area,
with ground truthing while in the field. The dominant species are listed using a seven-letter
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binomial code, with the first four letters of the genus and first three letters of the species
name. A complete list of common and scientific names and codes is included in Appendix
1.

The vegetation type and community polygons from 2015 were layered over the 2018
orthophotos and coded utilizing an ArcGIS geodatabase. Polygons were revised to record
new sizes and/or any changes in dominant species. The major attributes included: plant
community (vegetation type); community dominant species one, two, and three; polygon
area; site area,; site aspect; transect line location (UTM coordinates); and transect line
aspect (recorded as magnetic north bearings). The complete list of fields is located in the
meta-data imbedded in the GIS files. This was consistent with the methods used in past
reports (Polzin et al. 2010, Polzin and Rood 2013, and 2016).

Table 2-1: Vegetation type and community codes used for air photo mapping and the
primary dominant species associated with the code.

Vegetation Type Code Community
H1 Common horsetail (Equi_arv.). (1)
H2 Sedge (Care _spp). (2)
H3 Smartweed (Poly lap). (3)
H4 Grass (any species without a code). (4)
H5 Narrow-leaved collomia (Coll_lin). (5)
H6 Small-flowered bulrush (Scir_mic). (6)
H7 Lamb’s quarters (Chen_alb). (7)
Herbaceous (H) H8 Spotted knapw.eed (Cent_mac). (8)
H9 Yellow mountain avens (Drya_dru). (9)
H10 Evening primrose (Oeno vil). (10)
H11 Yellow monkey-flower (Mimu_gut). (11)
H12 Black cottonwood (Popu_tri) (<50cm tall). (12)
H13 Nodding wood-reed (Cinn_lat). (13)
H14 Wormseed mustard (Erys_che). (14)
H15 Mouse-eared chickweed (Cera_vul). (15)
H16 Silvery hair-grass (Aira_car). (16)
SH1 Black cottonwood (50 to 200 cm tall). (1)
Shrubs (SH) SH2 Willow — (50 cm to 200 cm tall). (2)
SH3 All other dominant species (50 cm to 200 cm tall). (3)
TR1 Black cottonwood and shrubs (>200 cm). (1)
Trees (TR) ; .
TR2 All other dominant species (>200 cm). (2)
B1 Bare ground — type listed under Dom1, 2, &/or 3 by
Bare (B) the cover (woo_d - watercourse.— bare grgund). (1)
B2 Bare ground with trace vegetation — dominant trace
species listed 2 and 31, (2)

Summaries of areas (ha) for each vegetation type (herb, shrub, tree, and bare) and each
community from the mapping data were completed for all of the study sites, including Site
14 at the Duncan River delta, which was only analyzed through air photo interpretations.
The analyses were organized by three factors (listed below), for the individual sites and for
the total of the thirteen sites combined. Data summaries for the drawdown zones from
vegetation mapping included:
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1) Areas (ha) for each vegetation type and each community that occurred at each
site;

2) Areas (ha) for each bare ground type that occurred for each site; and

3) Total area (ha) of all vegetation and bare ground at each site.

A summary of the Duncan Reservoir elevation analysis was completed to coordinate the
2017 reservoir levels with the 2018 vegetation cover. The 2017 reservoir levels were
selected since this provided the inundation cycle that preceded the 2018 vegetation that
was captured in the air photos in June, prior to the 2018 inundation and summer weather.
The 2017 Alt S73 operating regime influenced the species and spatial distributions recorded
in the spring of 2018 that represented the changes that occurred since the 2015 results.
The 2009 data summaries reflect 2008 operating regime impacts and the first year of Alt
S73 implementation. As a result, baseline data is not from Pre-Alt S73 rather it is after the
first year of initiation of Alt S73.

224 Sampling Size Power Analysis

Determination of appropriate sample size is a trade-off between minimizing field expenses
and still collecting sufficient samples to detect departures from the null hypothesis. The
power of a statistical test is the probability that, when the null hypothesis is false, the
statistical test(s) employed will find sufficient evidence against the null hypothesis (Schwartz
2009). This is also referred to as the likelihood of avoiding a Type Il error (accepting a false
null hypothesis). Sample size calculations are used to determine how many observations
are required from a specific population, taking into account the sampling technique used,
what data are collected, and the natural variation of the data.

Power analyses can be conducted a priori, to determine whether the sampling design of a
project has a reasonable likelihood of rejecting a false null hypothesis. This is very useful in
determining the appropriate sample size to avoid a Type Il error. Power analyses can also
be conducted retrospectively (or a posteriori). If a null hypothesis is not rejected,
researchers may wish to determine if it was not rejected due to the small sample size.
However, retrospective power analyses have been largely discredited in natural resource
management and are strongly not recommended (Schwartz 2009; Steidl et al. 1997).

We performed an a priori power analysis to determine if our sampling design was sufficient
to avoid Type Il errors in the monitoring of vegetation per cent cover and species richness
in the Duncan Reservoir area. Various formulae are available for power analysis, depending
on sampling design. Generally, they use some estimate of the natural variation in the study
population. This data may be obtained from pilot studies or prior knowledge from a similar

population.
We used Equation 1 (Zuuring 1996):
Equation 1: n = (A2/t?cv? + 1/N)*

Where: n =sample size
t = critical value of t(=0.05)
cv = per cent of standard deviation/arithmetic mean
A = allowable Type Il error percentage = 10 per cent
N = population size

When the population size is unknown, N is arbitrarily set at infinity, reducing the 1/N
expression to effectively zero, thus:

n =t2cv?/ A?
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The number of quadrates including quadrats with zero vegetation in 2009 was 536 for a
power of 90 per cent with the number of quadrates in the field sampled was 2,685. Quadrats
with zero vegetation were removed resulting in 509 quadrats required for a 90 per cent
power level with 2,026 quadrats with vegetation.

The sampling design was modified in 2012 with transects: added, extended, reduced in
length to end at 10 m drop in elevation, and sampling along transects at the start, middle,
and end of a vegetation community band (2009 at every metre mark). This reduced the
number of quadrats to 608 and changed the t2cv? values in the equation.

Schwartz 2009 and Steidl et al. 1997, do not recommend retrospective power analysis,
however; one was performed for the reduced number of quadrats from the original design.
This changed mainly the cv amount in the equation for determining the number of quadrats
required to avoid Type Il error. Table 2-2 shows the original power results and the 2012
results for the modified sampling design.

Table 2-2: Sample size (n) required to avoid Type Il error for each quadrat size and the two types

of data collected (vegetation per cent cover and species richness (# of species) at 90
and 95 per cent power for 2009. 2012 sample size power analysis for all vegetation.

Data 2009 n 2009 n | # of quadrats | 2012 n 2012 1 95 % # of quadrats
collected 90 % 95 % 2009 with 90 % 2012-2018
. power 5
(quad size) power power veg power with veg
All cover (%) 509 1,488 2,026 125 500 608
All richness 13 52 2,026 11 45 608
Her?o/‘;)o"er 435 1740 1947 141 391 432
. Herb 13 52 1947 11 42 432
richness
Shrub cover
(%) 14 55 69 3 12 36
Shrub 1 3 69 6 22 36
richness
Tree cover o
(%) 2 4 10 6 26 (18 at 94%) 21
Tree
. 1 2 10 5 20 21
richness

The large herbaceous population size resulted in no measurable difference between using
our known population size (N) or by setting N to infinity. However, the shrub and tree known
population (N) in 2009 was used for the power calculations for these two quadrat sizes
therefor they were used for the 2012 calculations for comparison.

There are ample sampling quadrats to achieve 95 per cent power with the reduced number
of quadrats from 2012 to 2018.
Data Analyses

Statistical analyses, including descriptive statistics, were conducted using SigmaPlot 12.5
(Systat Software Inc. San Jose California USA) and all tests were run at an alpha of 0.05.
At the reservoir mapping level, all site data included the area in hectares per vegetation
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community and bare ground groups. At the field level, all site data was by transect line
and/or by Site. Transect line data was quadrate measurements along each transect line.

The map area analysis used the Friedman Repeated Measures Analysis of Variance on
Ranks for comparative testing of all communities for 2009, 2012, 2015, and 2018. One
Sample t Test was used to compare and test the area covered by grass communities for
2009 to 2018. It was also used to test bare ground area and total vegetation communities
for the four monitoring years.

At the field level analysis, the Kruskal-Wallis One Way Analysis of Variance on Ranks was
used to compare and test for significant differences. This was done individually for total
vegetation cover, total herbaceous cover, total shrub cover, and total tree cover.

Ordination analyses were completed using PC-ORD (McCune, B. and M.J. Mefford. 2011.
PC-ORD. Multivariate Analysis of Ecological Data. Version 6.08 MjM Software, Gleneden
Beach, Oregon, U.S.A.). We used ordination analysis which is a multivariate analysis for
community analisys. Multivariate analysis is needed when the ‘response’ you wish to
analyze is a composite of more than one individual response. It is simultaneously analyzing
multiple responses for the relationships among the variables measured. A community of
plants is characterized by a number of species whose local presence and abundance
depends upon the interactions of those species as well as upon a myriad of environmental
conditions (Peck 2010). We used non-metric multidimensional scaling for showing patterns,
two-way cluster analysis for showing groups, and Mantel Test was used for testing among
groups. We used Cover as a measure of abundance.

Non-metric multidimensional scaling (NMS, also abbreviated as NMDS) analysis for
vegetation communities’ area cover from air photo analysis was completed by sites for each
of the four years with vegetation communities’ areas as the response variable.

Some modifications were required which included:

e Bare ground data were removed;

Grass communities combined by dominant grass species (H13, and H16) with the
grouped grass (H4) community to be consistent with 2009;

e A new grouping of individual communities for weedy species was made and
labeled HWeed. The communities grouped were: H7, lamb’s quarters; H8, spotted
knapweed; H14, wormseed mustard; and H15, mouse-eared chickweed,;

¢ All identified outliers utilizing PC_ORD 6.08, Outlier Analysis, were removed; and

e Sites with large standard deviations were removed.

NMS was run four more times with a 3-dimentional solution result each time (250 runs per
test). We compared all four graphs and found adequate consistency. We re-ran the NMS
manually for a 3-D solution an additional 3 times resulting in consistent results (50 runs
each test).

The final Monte-Carlo stress in the randomized data was:

e Axis1-P =0.0392;

e Axis2-P=0.0196; and

e Axis3-P =0.0196.
The coefficients of determination for the correlations between ordination distances and
distances in the original n-dimensional space were:

e Axis 1 — Cumulative R? = 0.297;
e Axis 2 — Cumulative R? = 0.456; and
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23.1

e Axis 3 — Cumulative R? = 0.5609.

Two second matrices were completed, one with bare ground and one with herbaceous,
shrub, and tree responses by Site.

The main matrix with the Monte-Carlo stress in the randomized data was used in the Mantel
test for testing Hor “Alt S73 will not result in a decrease to the area and alterations in the
species composition of both wetland and riparian vegetation communities”. A small p-value
indicates a significant association between the matrices, and a rejection of the null
hypothesis of no relationship (Peck 2010). The Mantel Test was used for the testing of bare
ground area and vegetation communities’ areas for the four monitoring years.

Field Sampling

Ground Level Photo-Monitoring Points

The photo-monitoring established in 2009 (Polzin et al. 2010) was repeated in 2018. The
photo-monitoring points were set at specific distances along the transect lines that were
established in 2009, and two additional transects with photo points were added in 2012.
Photographs were taken at every two-metre change in elevation, with five pictures at each
point, with the 4 directions: up the line, down the line, up the reservoir, down the reservoir,
and downward over the herb plot. Photo documentation is provided in Appendix 5 and
contact sheets of all photos taken in 2018 are in Appendix 6. One or two photos per transect
line from 2018 were compared with the corresponding initial photographs from 2009 or
2012. Due to the dense canopy cover and shrub layers, comparative upland photos were
taken where possible.

Site descriptions were provided in Polzin et al. (2010). Any changes to transect line lengths
or the addition of transect lines are included in Polzin and Rood (2013). Appendix 1 shows
site position relative to the reservoir, aspect, number of transect lines, slope, and length of
the transect lines (Polzin and Rood 2013).

Previously, the drawdown zone had; three, referenced comparison photos for each transect
line. For this final year of the report, 2018 photos were compared to the 2009 photos or
2012 if the transect line was established in 2012. Included are complete monitoring
photographs (Appendix 6) and corresponding descriptions with descriptions located in
Appendix 5. The summary table for each site includes 2018 results indicating differences or
similarities between study years. The upland zone has a summary table included and
photos are in Appendix 6.

The summary tables for each site list information for the Site as well as for the reservoir
(total of all sites). For the individual Sites this included:

Dominant species;

Cumulative cover;

Per cent of the site covered by the species;

Per cent of the total reservoir cover represented by the amount at the site; and
Site plant richness for 2009, 2012, 2015, and 2018.

For the Reservoir (all sites) tables included:

¢ Dominate plant species;
e Cumulative cover; and
e Reservoir plant species richness.

25



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

2.3.2 Sampling Design

The sampling design for site selection, size of sites, and four sampling periods were pre-set
by BC Hydro (2009). Site locations are shown in Figure 2-1. The field sampling design from
2009 (Polzin et al. 2010) with the minor modifications in 2012 builds upon a literature-based
hydrogeomorphic framework, in which riparian plants have particular water and substrate
requirements for successful colonization (Auble et al. 1994, Mahoney and Rood 1998, and
Polzin and Rood 2006). The Polzin and Rood (2013) report provided detailed information
on some slight modifications that commenced during the 2012 field season.

Those modifications included additional transect lines added at three sites, and some
transect lines were extended while others were shortened. The primary research question
for this ten-year study related to prospective changes in vegetation cover or richness after
the implementation of Alt S73 in 2008. This relates to the two specific hypotheses that were
explored by the field surveys of vegetation in 2009, 2012, 2015 and 2018. In the first field
study year, the 2009 vegetation inventory revealed extensive bands with similar vegetation
types or barren zones. From this information, the sampling design was streamlined to only
assess gquadrats at the beginning, middle and ends of each cover type band. This
substantially reduced the time required for the field inventory, with minimal sacrifice of
information that was gathered.

Data Correction: From the change in methodology, vegetation sampling was not directly
comparable between the 2009 inventory (Polzin et al., 2010) and the subsequent field
surveys. We developed a 2009 data subset in 2012 that was intended to be comparable but
there was an error which affects the comparisons of the 2009 survey with subsequent
survey years of 2012 and 2015 (Polzin and Rood, 2013: Figures 9 and 18; Rood and Polzin,
2016: Figure 3-9). The prior reports do correctly present the results from each specific
survey year, and it is only the interannual comparison between 2009 to 2012 that is affected.
A corrected 2009 data subset was used for the analyzes in this final report.

The 12 sites monitored in 2009 had monitoring repeated in 2012, 2015 and 2018, with this
forth inventory providing the final analyses for the project. Site 14 was added to the aerial
photography assessment in 2009 but was not part of the field site monitoring component
(Polzin et al. 2010).

Cross-sectional belt transects, stratified random sampling design, and sampling methods
are described in detail in Polzin et al. (2010) and slight changes that occurred in 2012 are
described in Polzin and Rood (2013). Transect lines had tag numbers attached to a tree or
stamped into the flat top plate on a rebar post for the point-of-commencement (POC) and
the bearing for the line was recorded. The established POCs and end-of-transect (EOTS)
had their locations recorded utilizing a Trimble precision GPS. The 2018 sampling design
and methods thus followed 2009, 2012, and 2015 protocols.

26



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

Analysis with belt transect lines

The analysis of vegetation along a river or reservoir should assess plant occurrences in four
dimensions: the three spatial dimensions and the fourth dimension of time. Through this
analysis, spatial and temporal patterns emerge, and the consideration of plant distributions
relative to physical and biological factors can provide insight into the underlying processes.
This understanding can contribute to management decisions, which may seek to encourage
favoured vegetation and discourage unfavourable plants, such as noxious weeds.

Of the three spatial dimensions, the first or x-axis typically represents the longitudinal axis,
the position along the upstream-to-downstream corridor of a river or river valley, or along
the reservoir length (Figure 2-2). The transverse axis, or y-axis, is perpendicular to the
longitudinal axis and represents the distance away from the reservoir shoreline. The banks
rise up from the reservoir and this elevational rise provides the third spatial dimension, the
Z-axis.

Cartesian coordinate (x,y,z) = spatial position

: z-axis = elevation
. height above water

------------ y-axis = transverse position
distance from water

X-axis = longitudinal position
upstream to downstream X
Figure 2-2: Riparian plant occurrence along three spatial dimensions.

Field sampling involves the assessment of a subset of individuals or groups, in an effort to
understand the nature of the overall population. Relative to riparian vegetation, the task is
to gather sufficient data to reveal the spatial occurrences of different plant species. Long-
term monitoring to analyze responses to human alterations, such as through changes in
reservoir regulation, requires a study system that facilitates repetitive observation, which in
turn requires quick and accurate re-establishment of sampling quadrats relative to the three
spatial dimensions.

As well, plant occurrences are not random within a drawdown zone, but instead there are
typically bands of particular plant communities at particular elevations. These vegetation
bands commonly follow the elevational contours of the reservoir banks. Different plant
species and communities, or different age groups of particular plants, such as cottonwoods,
occur at different elevations. These bands reflect the physical conditions imposed by the
reservoir levels, with changes in reservoir stage or elevation that are responsible for plant
removal by inundation scour, loss through mortality following inundation, or mortality due to
drought-stress.
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The field monitoring of the reservoir drawdown zone and upland zone took place from June
6 to June 10, 2018. The 2018 monitoring crew members consisted of a senior riparian
specialist, (same person since 2009) and two technicians working together for all sites. The
sampling occurred between the elevations of 576.7 m (full pool) and 566.7 m for the
reservoir drawdown zone and 576.7 m to 578.7 m for the upland zone. Established POCs
were located and transect lines running down from full pool (drawdown zone) and running
upland were setup using tape measures and bearings, repeating the same process used in
Polzin et al. (2009) and Polzin and Rood (2013).

Tasks completed by the three-person field crew included:

e The sampling of vegetation species along the drawdown and upland sampling
zone;

¢ Photographs were taken at the same photo monitoring points set up in 2009; and

e Surface substrate texture (class size) sampling along the complete length of the
transect lines, with start and end points for each area where changes occurred,
recorded as the corresponding metre mark.

The Daubenmire (1959) per cent cover sampling method was used for quadrat sampling (1
m?2, 8 m? and 50 m?). Per cent cover of each plant species was estimated using per cent
cover codes (Table 2-3) with an additional bracket added for trace cover (less than 1 per
cent). Codes were recorded in the field and the mid-point was the data entry, with the mid-
point for the new Code 1 determined as 0.1. This value was determined by averaging the
actual estimated percentages for quadrats with less than 1 per cent, resulting in a 0.1
average in 2009. Additional details for the field procedures are reported in Polzin et al.
(2010) and Polzin and Rood (2013).

Table 2-3: Per cent cover codes, with a description of the codes used for vegetation
cover data collection.

Vegetation Per Cent Cover Codes
Per cent Coverage

Code Range Mid-point

1 <1 0.1

2 >1-5 2.5

3 >5-25 15

4 >25 - 50 37.5

5 >50 - 75 62.5

6 >75-95 85

7 >95 - 100 97.5

The three quadrat sampling sizes were referred to as:

e Herb quadrats (1 x 1 m = 1 m?) sampled all herbaceous species (all heights) as well
as any woody species < 0.5 m in height. All shrub and tree species recorded in herb
guadrats were marked,;

e Shrub quadrats (2 x 4 m = 8 m?) sampled all woody species between 0.5 m and 2.0 m
in height. All tree species recorded within a shrub quadrat were marked for tracking
purposes; and

e Tree quadrats (5 x 10 m = 50 m?) sampled all shrub and tree species greater than 2
m in height and all shrub species that they occurred within a tree size quadrat were
marked for tracking purposes.
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Criteria for Dominant Species Selection

Upland Dominant Species were determined by selecting species with at least 18 per cent
cumulative cover and greater than 18 per cent frequency for the upland reservoir transects,
or at least 18 per cent frequency of occurrence for all reservoir sites combined. For this
latter threshold, the species may have had less than 18 per cent cover. For selection, the
observed plants were ranked in order of highest cover and frequency. Most species satisfied
both criteria, but some occurred with frequencies greater than 18 per cent but less than 18
per cent cumulative cover.

Site dominant species selection was slightly different due to the limited number of quadrats
for some individual sites. Site dominant species selection included species with at least 18
per cent cumulative cover from more than one quadrat and/or 60 per cent occurrence across
the quadrats. Exceptions applied if the vegetation community only occurred in one quadrat
for the site, the highest cumulative cover species was then selected (example Shrub cover
for Site 3) or if all species recorded for the vegetation community only occurred along one
transect line. Dominant species were ranked in order of combined highest per cent cover
and highest frequency.

Reservoir Dominant Species were determined by selecting species with at least five per
cent cumulative cover of the reservoir cover (total for all sites and all species) which was
consistent with previous year's selection criteria for the dominant species for the reservoir
drawdown zone (transect data). Because of the increase in the number of quadrats per
transect line in the drawdown zone (10 m change in elevation compared to the two-metre
change in elevation for the upland), minimum frequency was not required as a selection
parameter (required for upland dominant species because of the limited number of quadrats
as measured over two metre change in elevation). The five per cent or greater cumulative
cover criteria resulted in two dominant species in 2018. The past five or six dominant
species (since 2009) were included in the 2018 list with a note that they were under the five
per cent rule. Individual site dominant species were limited to the top five species with a
maximum of six for some sites. The total cover for individual sites was used for the
calculation of the per cent cover by species with the per cent rule applied. A maximum of
six dominant species was selected if two species tied on the ranking or the sixth one was
one of the five dominant species for the reservoir. Site 6 was an exception with six species
recorded for the site. Site 6 was an exception as no species would qualify under the criteria.
All species had frequencies of one, so frequency was ignored and percentage of cover for
the site was used resulting in two dominant species.
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Correspondences between Environmental Factors and Vegetation
Characteristics

Physical factors were investigated in 2018, similar to the 2009 and subsequent analyses.
The 2009 analyses revealed three primary factors, elevation, site, and substrate texture.
The 2012 analysis (Polzin and Rood 2013) included inundation duration. Building on past
analyses, all factors were analysed using the four years of data, along with the inhibitory
inundation duration, with the inverse, exposure time.

2.3.4 Environmental Factors

There were seven independent, environmental factors identified in 2009 and two primary,
dependent variables, vegetation cover and species richness. In 2012, the inundation
duration was added to the environmental factor list with analysis completed for the 2013
summary report (Polzin and Rood 2013). In this final year of assessment and for hypotheses
testing, inundation duration was inverted to produce the exposure duration, the number of
days that position exposed during the growing season. Additionally, the per cent bare
ground was added as an environmental measure for some correlation, although this is not
independent from vegetation, since the two are opposing measures. Statistical testing, |
assessed:

Site and Transect-based factors:

A. Site (including location);
B. Reservoir Side; and
C. Aspect.

Quadrat-based factors:

Distance;
Elevation;
Exposure;

. Substrate;
Slope; and
Bare Ground.

TIEMIMMO

A. Site

Site was the term for each of the 12 spatial locations along the reservoir that had been pre-
assigned by BC Hydro. At each site two to four transects were implemented, reflecting site
size. Site represented the first physical factor that was investigated, and all of the quadrats
from the two or more transects were considered for each particular site.

Twelve sites were investigated, and we retained the previous numbering of 1 through 7, and
9 through 13, but the pre-assigned Site 8 had been excluded from our field sampling. For
factor analysis, Site was treated as a nominal measure, since we anticipated that the site
numbering would not reflect a systemic, incremental sequence relative to the physical
conditions and influences on reservoir vegetation. Location provided another category with
the numbers sequenced from 1 through 12, with increasing distance from the dam,
regardless of the side of the reservoir.

Hypotheses:

¢ We anticipated that there would be a similarity with proximity and thus, closer sites
would be more similar than distant sites.
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¢ \We anticipated that there could be a subtle upstream-to-downstream influence due
to aspects such as climate, which would be influenced by distance from Kootenay
Lake, versus the cooler, headwater valleys.

o We anticipated that sites along the different sides of the reservoir (east versus
west) might differ due to influences such as climate differences associated with
morning versus afternoon shading.

B. Reservoir Side

Reservoir side was the second physical variable, but this overlapped with Site. With the pre-
determined site assignments that had been based on prior observations and access
considerations (BC Hydro 2009), there were only three sites on the west side of the
reservoir, limiting the variation of this prospective factor.

Hypothesis: Due to the influence of morning versus afternoon exposure, we anticipated that
the west side would exceed the east side, relative to the vegetation cover and species
richness of reservoir bank vegetation. However, due to the limited sampling along the west
side (three sites), our expectations relative to a statistical effect were slight.

C. Aspect

For aspect, the down-slope direction of transects was considered relative to an eight-point
scale representing the solar-drying index (Table 2-3). Thus, a south-facing aspect has a
higher evaporative demand than a north-facing one, and with exposure to the afternoon
sun, west-facing exceeds east-facing relative to site evaporation. The eight-point aspect
score was treated as a nominal measure, since the sequence was not simply incremental.

Table 2-4: Aspect related solar-drying index used for aspect analysis.
Index number Aspect Bearing
1 N-NE, lowest drying 0 to 45°
2 NW-N 315 to 360°
3 NE-E 45-90°
4 NW-W 270-315°
5 E-SE 90-135°
6 SW-W 225-270°
7 SE-S 135-180°
8 S-SW, highest drying 180-225°

Because most quadrats at a site were aligned along relatively parallel transects, these
shared the same aspect-index. Consequently, there was limited variation in the aspect of
the quadrats. Also, since the aspect-index overlapped with Site, these two measures were
not independent. We recognized that a transect-based study design limited the opportunity
to investigate the possible influence of aspect, and we disfavoured models that included
both site and aspect. We also explored cos (aspect) and sin (aspect) conversions to
represent “northness” and “eastness”, respectively, as has been applied in some other
vegetation ecology studies (Palmer 1993), but we favoured a single index for prospective
site-drying.

Hypothesis: We anticipated that sites with aspects producing lower solar-drying index
values would provide favoured zones relative to plant cover and species richness However,
due to the limitation of the transect-based study design, our expectations for the detection
of significant effects were limited.
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D. Distance

Distance in metres represented the distance along a transect from the transect point of
commencement (POC) at the approximate reservoir shoreline position associated with the
full supply level (FSL). This positioning considered the digital elevation model or map, the
triangular irregular network (TIN), and the observed dramatic transition from the upland
forest to the reservoir zone. For factor analysis, Distance was treated as an ordinal
measure, with variation in 1 m increments and divided into groupings. Since the bank
profiles varied across the sites, the lengths of transects required to achieve the pre-planned
10 m drop in elevation varied considerably.

Hypothesis: We anticipated that perennials, including shrubs and trees, would be restricted
to short distances from the reservoir FSL shoreline. We anticipated that annuals would
occur more fully along transects, but that there would be progressive declines in covers,
and possibly declining species richness with distance from the upland transition.

E. Elevation

We anticipated that quadrat elevations would reflect differences in slope and the associated
transect profile, and would provide a stronger physical determinant than distance. We
therefore developed two elevation measures. Elevation was estimated (+ 1 cm) for each
guadrat based on linear interpolation between the survey points that were measured at
periodic intervals along transects and any position of substantial profile change. The
interpolated elevation was treated as a continuous, scalar measure, and for two- and three-
way MANOVAs, it was treated as a covariate, or was grouped (binned). Data were collected
for the full 10 m change in elevation below the full pool (altitude of 576.7 down to 566.7 m),
as specified in the 2009 Terms of Reference) although vegetation was very sparse below
the 8 m depth.

Hypothesis: While elevation would be correlated with distance, this is incomplete, since the
slopes vary along and across transects. We anticipated generally similar patterns of
vegetation versus elevation as versus distance, with declining cover and species richness
with declining elevation. We predicted stronger patterns for elevation than for distance,
since the elevation would better reflect the reservoir stage patterns and would provide
greater consistency across transects, which vary relative to profile and slope.

We anticipated that perennials, including shrubs and trees, would be restricted to high
elevations near the transition from the reservoir to the upland forest. We anticipated that
annuals would occur more fully along transects, but that there would be progressive
declines in vegetation cover, and possibly species richness with sampling that extended
downward in the reservoir drawdown zone.

Since elevation and distance are strongly correlated, we further predicted limited
improvement in statistical models with these two factors. We anticipated that elevation
would provide a stronger correspondence than distance and could be a primary explanatory
factor in the analytical models.

F. Exposure Time

In 2012 (Polzin and Rood 2013), an investigation into the inundation duration was initiated
for the 2011 fill and drain from April 1to December 9" (37 weeks). The results indicated that
inundations times decreased vegetation cover as durations increased, with a strong
correspondence (R? = 0.90). The methods were refined in 2018 to limit the analysis to the
growing season (April to end of September (26 weeks). Inundation time was inverted to
provide exposure time to represent a positive influence on the riparian vegetation.

32



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

For analyses, the exposure time provided an ordinal measure and for visualization and
comparison across years we also considered groups, as undertaken by Hawkes and Gibeau
(2015) and converted to the number of exposure days:

e 0-104 days = Red — strong to complete reduction of exposure time;

e 105 to 154 days = Yellow — strong to a moderate reduction from exposure time;
and

e 155 to 183 days (183 days in the growing season) = Green — moderate to no
reduction from exposure time.

Percentage of inundation time was completed for all months of the growing season for 2008
to 2017 (as per the TOR 2017 requirement). Sampling occurred in June of 2018 before the
fill regime was above 566.7 m (-10 m bracket) so it was not included. This method follows
what was presented by Hawkes and Gibeau (2015) as GDD but is actually
Exposure/inundation duration. It is presented as per cent of inundation where the zero (0.00)
represents complete inundation and 1.00 represents complete exposure using the structure
from Hawkes and Gibeau (2015). The way Hawkes and Gibeau (2015) structured the data
presented in the report removed actual temperature information and showed the inundation
time since the number of days for GDD is reduced by inundation but not by temperature
which is GDD. This had the same ranking as Exposure time presented above with
percentage of inundation time as:

¢ 0.00-0.60 = Red — strong to complete reduction of exposure time;
e 0.61-0.84 = Yellow — strong to a moderate reduction from exposure time; and
e 0.85-1.00 = Green — moderate to no reduction from exposure time.

Hypothesis: We anticipated that exposure time would be correlated with elevation in a non-
linear relationship. We anticipated similar patterns of vegetation versus exposure time, as
with the general pattern with elevation, with declining cover and species richness with
declining exposure. However, we predicted stronger patterns for exposure time than for
elevation since the exposure time changes across the years. Exposure time would better
reflect the reservoir stage patterns and would provide greater consistency across transects,
which vary relative to slope and profile.

Since exposure time and elevation are strongly correlated, we expected limited
improvement in statistical models with these two factors. Since we assumed that exposure
time would provide a stronger correspondence, we anticipated that exposure time, rather
than elevation, could be a primary explanatory factor in the analytical models.

However, previous reports compared different vegetation characteristics and substrate by
elevation. Because of this, most graphs will continue to use elevation for comparison with
the previous reports.

G. Substrate

For substrate, the Substrate Texture Index (STI) was calculated for each quadrat based on
the field estimated per cent cover of silt (0.002-0.062 mm), sand (0.062-2.00 mm, gravel (2-
64 mm), cobble (64-256 mm) and boulder (>256 mm) (Luttmerding et al. 1998). These
sediments were assigned scores of 1 to 5, respectively, and the STI was calculated as the
sum of the proportional cover (decimal value) x score, for the five sediment classes to
provide a continuous value from 1 to 5. The STI value was rounded off to 0.1 and treated
as a scalar measure, and groupings were established for analyses of variance.
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Hypothesis: We anticipated that finer substrate texture would benefit plant establishment,
growth and survival, because the finer substrate would better retain moisture and also
increase capillarity, the moisture rise, above the water table.

H. Slope

The slope of each quadrat was estimated based on the calculated slope between each
survey point (per cent, drop/run), with the intervening quadrats all receiving this average
slope value. For factor analysis, the slope was rounded off to +1 and treated as a scalar
measure, and groupings were established for analyses of variance.

Hypothesis: We anticipated that shallow slopes would provide more favourable sites for
seedling colonization and corresponding increased plant cover and richness. Following from
studies along other reservoir shorelines (Rood et al. 2010), we also anticipated an
interaction between slope and substrate, whereby fine substrates would be most favoured
with shallow slopes, because finer substrates and associated vegetation are more
vulnerable to erosion on steeper slopes.

. Bare Ground

Bare ground was not one of the main factors since it was directly correlated with vegetation
cover, as bare ground increases, vegetation cover decreases. However, woody debris,
which occurred mainly along the first metre change in elevation down from full pool, was of
interest and was part of the bare ground. Woody debris was first noted in the field as a
possible factor impacting shrub and tree recruitment in 2012 and following the full pool
overflow event in 2012 appeared to be a possible factor for reduced shrub and tree cover
along the -1 m elevation change from full pool. Subsequently, Bare ground was assessed
by Elevation and Site which included the types of bare ground such as woody debris, rock,
water, and all other types of bare ground from sand/silt, pebble, cobble, etc. were labeled
‘soil'. In 2015, the bare ground categories included: wood, soil, mud, rock, and water. The
mud category was added to the soil category for comparison to the 2018 results. Some
areas were sand while others were gravel. The finer scale differentiation was included in
the ‘Substrate Texture Index’ analysis. Litter was not added to the bare ground means but
was listed for comparison across sites. Woody debris as an important factor for reduced
shrub and tree cover was also recognized by Hawkes and Miller (2016).

2.35 Vegetation Characteristics (quadrat based)

Vegetation characteristics provided the dependent variables in the study. As indicated in
Section 2.3.3, in the field study, vegetation was assessed within each quadrat in each of
the four study years, to provide two vegetation characteristics, cover and richness. Cover,
provides an index of vegetation abundance while richness reflects vegetation diversity, and
the Shannon-Weiner Diversity index incorporates both measures.

34



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

A. Vegetation Cover

Cover resulted from estimates of the proportional (per cent) extent of foliar cover over the
guadrat. With multiple vegetation layers, cover occasionally exceeded 100 per cent,
particularly for quadrats near the shoreline where shrubs occurred, and there could be tree
canopy overhang. Cover was estimated and analyzed for the herbaceous (herb) layer and
for the shrub layer. Tree cover was very sparse, limiting the analyses of this characteristic.

There were some barren quadrats and many sparsely covered quadrats and consequently
the cover values were not normally distributed. A log (base 10) transformation somewhat
normalized the distribution and consequently the log transformed herb cover or shrub cover
was often analyzed.

B. Richness

Richness, or species richness, represents the number of different plant species within each
guadrat, or along a full transect or for all quadrats at a site. There were some uncertainties
about species assignments due to the lack of floral structures that are required for some
identification, and there are also some unresolved issues related to the taxonomy for some
plants such as sedges (Carex spp.) and horsetail (Equisetum spp.). Our assignments were
consistent across years and changes over the decade of study should be less affected by
the taxonomic uncertainties.

The richness distributions were skewed, and a square root transformation increased the
spread for lower values, benefiting some analyses. For both cover and richness, the direct
values and the transformed values were included for most of the statistical analyses, but
we selected and often only present the metric that provided the best model fit.

C. Shannon-Weiner Diversity

Species richness is the number of different species recorded within a quadrat or along a
transect line. Diversity takes into account species richness as well as abundance (cover).
Computation of the Shannon-Wiener Diversity Index (H’) or ‘Shannon’ indices for the sites
was completed to provide an integrative measure of diversity. Midpoints of per cent cover
classes were used as the measure of cover (abundance) and the Shannon Index (H’) was
calculated as follows:

H' = -> pilogepi
i=1

where: p; = proportion of the i" species
s = the number of species in the community

This index increases with increasing species richness (number of species) and with
increasing species evenness, the relative representation across the species.

The 2012 and 2015 ‘H’ values had been reported (Polzin and Rood, 2013; and 2016) but
these analyses were revised to adjust for the different transect lengths. The 2009 analysis
was revised to include the quadrats as in the subsequent years, rather than for the
continuous belt transects. The analyses are slightly different across the years since
additional transects were added in 2012 and reassessed in 2015 and 2018. These provided
slight differences and the results presented should be reasonably comparable between
2009 and 2012, and then directly comparable from 2012 through to 2018.
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2.3.6 Analyses
A. Reservoir Sites

Our first analyses considered patterns of vegetation cover and species richness across the
sites, and among the years. These analyses combined values from the two to four transects
at each site, or for all quadrats for each site at each year.

These analyses considered sequencing by site number and also by location, with slight
adjustments following the exclusion of the pre-determined Site 8, and sequencing of the
west bank sites to provide a longitudinal pattern extending upstream from the Duncan Dam.
Since there was substantial variation in vegetation cover that was apparently unrelated to
the site or location we also rank-ordered the sites by 2009 cover to provide a third
sequencing, as indicated in Table 2-4.

Table 2-5: Designations for vegetation study sites along the Duncan Reservoir, with the
original, pre-assigned Site number (left column), the longitudinal Location,
extending upstream from the dam (centre) and with Rank based on the
average cover per quadrat in the 2009 sampling (1 = highest cover).

Site Location Rank 2009

1 1 5
2 2 6
3 3 4
4 4 2
5 5 3
6 6 12
7 7 11
9 8 7
11 9 9
10 10 8
12 11 10
13 12 1

B. Bivariate Correlations

To explore associations across the environmental factors and vegetation characteristics,
we developed a composite Excel spreadsheet with each row representing a particular
guadrat in a particular study year. For consistency, only the 2009 quadrats at positions
measured in subsequent years were included. The quadrats from transects added in 2012
were included in the matrix but analyses were undertaken with or without these quadrats,
since they were missing for 2009, which emerged as the most distinct year. For each row,
all corresponding variables were included in sequential columns, first for the environmental
factors and then for the vegetation characteristics. With about 600 quadrats x 4 years, this
matrix included 2432 rows.

Since the same reservoir positions were assessed in the four study years, these were not
independent. The reservoir inundation would have led to almost complete mortality at the
lower elevations and thus, the vegetation status would be more independent across the
years. There would be plant survival at the higher quadrats near the reservoir shoreline and
for those zones the sampling could represent repeated measures rather than independent
assessments. This study design was consequently somewhat confounded by
pseudoreplication, but the large number of quadrats should provide confident outcomes.
The complexity from repetitive assessments should be recognized and following from this
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we report the probabilities for associations and models, rather than relying on the standard
p<0.05 criterion. Additionally, for the analytical and predictive modeling, we undertook
analyses with only yearly data in addition to the composite four-year series. The yearly data
include only single values for each quadrat, avoiding the complexity of repetitive sampling.

Relating to the study design, linear transects were selected in order to permit repositioning
across the study years. Assessments of the same positions provided more direct outcomes
relative to changes over time, strengthening the assessment of vegetation dynamics. Since
the quadrats were substantially spaced along transects, no plants extended across
guadrats, and these were thus treated as independent sampling units. However, quadrats
along each transect are not fully independent, providing another complexity for some
statistical analyses.

With the data matrix, analyses were undertaken with SPSS Statistics 19 (IBM Corp, NY,
USA). Individual variables were plotted, and descriptive statistics were determined. The
next focus was on paired considerations and all bivariate correlations were completed using
traditional Pearson r calculations, which represent linear regressions, as well as two non-
parametric rank-order tests, Kendall T and Spearman rho, each with two-tailed tests of
significance. The three correlations were highly consistent, and we generally present only
the Pearson r values.

Due to an extensive number of bivariate combinations, which increases the likelihood of
false positives, and the possible influences from aligned quadrats along transects, and from
repetitive assessments of the same quadrats, we generally required p<0.01 for
interpretation. Further, while statistical significance is often emphasized in scientific studies,
the magnitude of association may be more important relative to the influence of different
environmental factors. We thus required r > 0.2 as the association would be 4 per cent (per
cent coefficient of determination, R? = 0.04).

Correlations were conducted with and without Site 13 which was situated near the Duncan
River inflow delta at the upstream end of the reservoir and rather different in slope and
condition from all of the other sites, but similar outcomes occurred. Key correlations are
reported with exploration correlations presented in Appendix 4. The bivariate correlation
analyses are best suited for continuous, quantitative variables, but were less appropriate
for categorical variables and particularly site.

C. Factor Analyses — Multivariate Analyses of Variance

To investigate which environmental factors were most strongly associated with the
vegetation characteristics that were observed during the field study, we conducted factor
analyses or analyses of variance. This was suitable for categorical variables and also
allowed for combinations of factors and the detection of interactions across factors. With
SPSS, the General Linear Model (GLM) analysis was undertaken, first with Univariate
analysis and site as a fixed factor. Next, GLM Multivariate Analyses of Variance (MANOVA)
were undertaken with Cover or Log Cover and Richness or Square root (Sqrt) Richness as
the dependent variables; the multivariate (bivariate) analysis sought the best models
relative to the combination of the two primary vegetation characteristics. We commenced
with analyses for individual environmental factors that displayed substantial bivariate
correlations, and then advanced to two- and finally, three-factor MANOVAs.

The analysis revealed interactions, with combinations of two factors that would influence
vegetation cover or richness.
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D. Predictive Modeling — Multiple Linear Regression

The next statistical analyses sought to develop predictive models that could be useful to
project possible outcomes from different environmental conditions, including different
reservoir draw-down and refill regimes that would alter the exposure time. For these
analyses, cover and richness were assessed separately since there might be different
objectives with adaptive management.

This SPSS analysis applied the ‘Regression, Automatic Linear Modeling’ (ALM) module but
this was chosen to speed up the different applications and we did not rely on the default
Build or Model Options but instead used ‘custom field assignments’, and other
combinations. We generally applied a Forward stepwise model, and the various options are
reported for the different analyses in the 3.0 Results section.

E. Ordination

To explore patterns of plant species distribution, we conducted two types of ordination
analyses. Free Ordination utilizing NMS, used for looking for a pattern and Classification
using two-way cluster analysis to look for groups within the data set. Ordination analyses
were completed using PC-ORD (McCune, B. and M.J. Mefford. 2011. PC-ORD. Multivariate
Analysis of Ecological Data. Version 6.08 MjM Software, Gleneden Beach, Oregon, U.S.A)).

For the Free Ordination of plant communities by Cover, we selected eighteen most
abundant and highest occurring species for the four study years. Some species that were
abundant in one year may not have been a dominant species in subsequent years but the
most representative for the four years were selected. Nonmetric multidimensional scaling
(NMS) was selected for the analysis. NMS analysis avoids assumptions that are rarely met
with community data required for PCA (Free Ordination for linear model form) (Peck 2010).

NMS analysis for ground level vegetation cover (18 dominant species) was completed for
Sites for each of the four years and by Transects for each of the four years.

Analysis by Site for each of the four years used 18 dominant species. The result of the
manual run NMS Monte Carlo test (250 runs) was Axes 1 and 2 with a P = 0.004 for a two-
dimensional analysis. This was rerun three times with different seed numbers with very
similar results. The coefficients of determination for the correlations between ordination
distances and distances in the original n-dimensional space were:

e Axis 1 — R? cumulative = 0.523; and
e Axis 2 — R? cumulative = 0.694.

An explanatory matrix was overlaid with responses Site, Slope, Substrate, Woody debris
cover, and Vegetation grouped by types — Grass, Wetland, Riparian, and Weedy classes.
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3.0 RESULTS

3.1 Inter-annual Variation
3.1.1 Weather

Weather data is presented by total monthly precipitation and mean monthly temperatures.
Spring weather is important to resume plant growth prior to the reservoir re-filling. The
weather comparison for the four study years (2009, 2012, 2015 and 2018) revealed that
2015 had the warmest June while 2018 was warmest in May (Figure 3-1). Otherwise,
temperatures were quite similar during the growth season across the study years.

The precipitation for the study years (Figure 3-1) shows a great deal of variation for April
through June across sampling years. The amount of precipitation that varies between years
can have more of an impact on the vegetation growth in the spring before inundation for the
sampling year. Dry hot weather resulted in shorter plants and changes in some of the
dominant species communities. The 2009 weather data was missing data for March, May,
and December so data from the nearest station with very similar weather patterns, Kaslo
(Climate ID: 1143900), was used for those months. The total precipitation in May 2009 was
the highest (83.4 mm) for all sampling years (Figure 3-1). The May total precipitation for
2012 was 31.4 mm lower than in 2009 and the lowest for the monitoring years. Total
precipitation for the monitoring years 2012 to 2018 were similar. June total precipitation in
2012 was extremely but the majority of the precipitation occurred after sampling and would
not have influenced the vegetation analysis for that year.
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Figure 3-1: Monthly mean temperatures and the monthly total precipitation (Precip.) for

the field study years of 2009, 2012, 2015, and 2018. The regional growing
season is primarily from April to September.

Figure 3-2 contains all years since the start of the new flow regime, Alt S73, providing the
11 years of the implementation. Extreme precipitation (>160 mm of precipitation in one
month) events occurred, January 2011, June 2012, and October 2016.

39



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

Figure 3-2: Monthly mean temperatures (T) and the monthly total precipitation (Year.) for the Alt S73 project years of 2008 to 2018.
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3.1.2

Growing Degree Days

The spring season numbers of Growing Degree Days (GDD; days with GDD of 1 or greater
were counted as one day) have direct effects on the vegetation for the spring months up to
the end of the sampling year, with field sampling occurring in June. The full elevation
sampling range from 0 to 10 m below full pool was exposed during this time. Some variation
in the number of GDD occurred during April, leading to later starts to the growing season in
2009, and to a lesser extent in 2018 (Figure 3-3). The reduced days in June (2015 and
2018) occurred at the 566.7 m elevation bracket (-10 m) from inundation after field sampling
was complete for those years. This reduction in Exposure time is presented in Section 3.3.7
Exposure for the elevation band from full pool (576.7 m) to 566.7 m in the drawdown zone.
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Figure 3-3: The number of days with at least 1 growing degree day for the months of the

spring growing season across sampling years. June’s reduced days are
inundation which received a 0 for the growing day, not growing degree day
reduction.

Reservoir Level

The Dam operation and reservoir levels with Alt S73 differed from the 1968-2007 operating
regime in the following ways:

Pre-2008: The average reservoir level from 1967 to 2007 (Mean 67-07 black line on Figure
3-4) reached afill level of 575.7 m by July 29 and stayed at this level to August 30 (full pool
is 576.7 m). During this time the average variation (maximum stage — minimum stage) for
the average reservoir fill level of 575.7 m was 15.1 m using all years. Removal of the three
very low stage years (1973, 1992, and 2001) resulted in an average variation of 3.0 m. From
September 1 to early December, there was a gradual draining to 569.8 m. The levels then
dropped rapidly from December through March 20 to 550.5 m. Levels were stable around
550 m for the remaining time in March until April 30, when levels rose quickly to 575.7 m
(one metre below full pool). The average variation for the lowest levels (March 21 to April
30) was 10.8 m. Figure 3-4 shows the substantial annual variation during the Pre-Alt S73
years.

Alt S73: The Duncan Dam WUP project Alt S73 regime involved the reservoir:

e Reaching full pool between August 1 and August 10;
o After which the reservoir elevation would decrease to 575.5 m; and

41



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro

¢ Be maintained within 0.3 m of this level until September 5 (BC Hydro 2009).

Following the implementation of Alt S73, the actual regime from 2008 to 2018 had the
reservoir reaching full pool or near full pool from July 21 to August 24 with an average
variation of 3.4 m (the difference between the maximum and minimum daily level) during
this time. The average level was maintained within 1.6 m of full pool (July 21 to August 24).
From August 24 to September 5, the level decreased to 575.3 m and maintained within 0.5
m.

The annual variation for peak fill levels has substantially lower compared to Pre-Alt S73 of
15.1 m for all years. However, it was slightly higher compared to the Pre-Alt S73 when the
three extremely low-level years were excluded. Drawdown reached the lowest level of
approximately 547 m in April to the first week in May with reduced variation compared to
Pre-Alt S73 regime (average Pre-Alt S73 = 10.9 m, average Alt S73 = 0.9 m) (Figure 3-4).

Figure 3-4: Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC
Station 08NH127) 1967 — 2018. Bold lines indicate years of vegetative
analyses.

Figure 3-5 shows the 2017 and 2018 levels with the yearly variations from 1967 to 2007
removed to increase visualization. The 2017 fill regime displayed a similar pattern to 2014,
2011, and 2008 the years that proceeded the vegetation sampled in June, prior to reservoir
filling.
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Figure 3-5: Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC
Station 08NH127) 1967 — 2018. Bold lines are field years; dashed lines are
years influencing the June field days the following year.

In contrast, the sampling year fill regimes varied across years, with incomplete reservoir
refilling in 2009 and especially in 2015. Figure 3-6 has the Y axis scaled expanded from
572.0 m to 578.0 m to dephasing the variation that occurred between the sampling years
and the previous year fill regimes. This reveals the over-filling of the reservoir in the river
flood year of 2012, although as previously indicated, this occurred after the 2012 vegetation

sampling in June (Figure 3-7).
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Figure 3-6: Mean Daily Water Levels (m) for Duncan Reservoir at Duncan Dam (WSC

Station 08NH127) for July 1 to September 30 with the top 4 m change in
elevation from full pool shown.

The scheduling of the vegetation surveys and air photos resulted in the transect lines being
fully exposed, with no inundation during the week of field work. In 2018, field work started
on June 6, 2018, and air photo acquisition occurred on the same day. Field work was
completed before reservoir levels were above 566.7 m (the end of transect lines) (Figure
3-7). Figure 3-7 illustrates the fill regime for 2017 and 2018 with reservoir levels marked for
each week. The 85" percentile of exposed ground and full pool are shown for reference
with results that follow.

After field sampling during the end of June and the remaining growing season, it is the
exposure time that impacts vegetation growth, survival, and species that occur along the
reservoir drawdown gradient for the remainder of that growing season. Additionally,
precipitation is a factor for the exposed elevations (within the 85-percentile exposed
drawdown zone) during the summer months of the growing season. Growing degree days
is not a direct factor as the temperature (degrees) during the summer months is not the
limiting factor, the limiting factor is days the elevation is exposed for growth to continue.
GDD does not give information about precipitation during the days exposed. Therefore,
GDD is not used in the analysis, Exposure time is used which is the reverse of inundation
duration.
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Figure 3-7: The 2017 reservoir stage during the growing season (April to September 29) (solid black line) with the average weekly stage (26 weeks; short blue lines) and the

85" percentile level (red line). Flight time and field data collection times are indicated as a red dot and black triangles, respectively and correspond to the 2018
reservoir stage. Full pool, which is the upper limit of the reservoir water level and the start of the drawdown zone, is shown as a green line.
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3.1.3 The 85" percentile

The 2018 assessment used the 2017 reservoir levels as these represented the prior
inundation cycle, which influenced the 2018 vegetation. The 2018 fill regime has not
occurred yet, therefore, the previous fill and drain regime is the most current influence on
the vegetation occurring in the following spring. Reservoir fill levels were analysed for the
growing season, starting April 1, 2017, and extending to the end of September 2017. The
previous years of study used the same analyses utilizing the previous year reservoir levels
for the subsequent study year when sampling occurred.

The water levels at the 85" percentile for the reservoir were:

576.14 m for 2008;
575.50 m for 2011;
576.00 m for 2014; and
576.04 m for 2017.

The areas for each site exposed for 85 to 100 per cent of the growing season for the “high
riparian potential for enhancement sites” (Sites selected by BC Hydro (2009) for the 85™
percentile analysis) were compared across years and revealed that the area exposed at the
85" percentile was lower in 2011 (i.e. larger areas were exposed in 2011) while 2008, 2014,
and 2017 were similar across sites (Figure 3-8). Site 6 displayed the smallest decrease
compared to 2011, but has had almost no vegetation cover since 2008. Site 7 also had
minimal vegetation cover since 2008 and consequently, neither Site 6 nor 7 would be
assessed as “high riparian potential for enhancement sites”, differing from the initial
recommendation (BC Hydro 2009). The 2017 data for each week and site is located in

Appendix 2.
Figure 3-8: The per cent of the site within the drawdown zone that was exposed for 85
to 100 per cent (85" percentile) of the growing season for 2008, 2011, 2014,
and 2017

46



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

3.2

In 2017, Site 1, the site closest to the dam, had zero per cent of the drawdown zone exposed
for weeks 17 to 20, and week 21 had one per cent exposed (Appendix 2). No other sites
had zero per cent exposed during the same time frame. Sites 2, 3, 4, and 13 had one per
cent exposed during the same time frame (Site 2 had two per cent exposed for week 17
and then one per cent for the remaining time frame). This was similar to Study Year 3 (2014
reservoir levels) with zero per cent exposure for Site 1 starting one week later (weeks 18 to
21). Sites 2, 3, 4 and 13 all had one per cent exposed during the same time frame in 2014.
Note that Site 13 had three to four metre change in elevation across the site and all of the
other sites have a 10 m change in elevation.

Site 13, the site furthest from the dam, is located on the edge of the delta. Elevation profile
was limited to the first three to four metre change in elevation. This resulted in a greater
area exposed as the reservoir drained compared to the other sites that were similar during
weeks 17 to 20. The areas exposed by week 26 were:

Site 1 — 12 per cent;
Site 2 — 25 per cent;
Site 3 — 20 per cent;
Site 4 — 14 per cent; and
Site 13 — 69 per cent.

Only minor areas of the draw-down zone are exposed for most of the growing season for
Sites 1 to 12.

Mapping and Analyses of Vegetation Communities

The aerial photograph delineation of the vegetation type Bare (including B1 and B2) showed
increases across years for total area of Bare ground (rock, wood, bare ground, water etc.)
for some Sites, (Appendix 2, Figure 3-9, and Figure 3-10). Conversely, the vegetation type
Herbaceous (Herb) displayed decreases in areas for most Sites compared to previous
years. There was one exception, the delta zone Site 13 had an increase in Herb cover in
2018, with 4.7 ha compared to 3.9 ha in 2015. The largest decreases in herbaceous types
occurred at the same Sites that experienced the largest increases in Bare ground area
indicating transitions between these two cover types.

The Shrub vegetation type (height <2 m) had a small total area of cover when it occurred
on a particular Site from the beginning of the study. Similar to previous years, there was a
decrease in overall Shrub cover at the sites. Some of the decreases was the transitioning
from Shrub type to Tree type. The large decrease in Shrub type in 2015 was mainly due to
the increase in woody debris near full pool resulting from 2012 above full pool levels in
August.

The ‘Tree’ vegetation type (height >2.0 m) occurred at six sites in 2018 and had 0.86 ha for
the reservoir study sites. Tree vegetation type represented a very small area in 2009
(0.0034 ha) for one site, which increased to 0.16 ha in 2012 (the same one Site) and
decreased slightly in 2015 (0.12 ha) (with two Sites) and increased in 2018 (0.86 ha).
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Downstream End

Middle

Figure 3-9: Total area (ha) for Sites 1 to 7 for Bare ground, Herbaceous, and Shrub
cover for 2009, 2012, 2015, and 2018.
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Upstream End
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Figure 3-10:  Total area (ha) for Sites 9 to 14 for Bare ground, Herbaceous, and Shrub
cover for 2009, 2012, 2015, and 2018.

The gain in tree type area was the result of previous Shrub vegetation types transitioning
into the Tree vegetation types. Please note that a Tree classification is woody vegetation
greater than 2 m in height. Appendix 2 table shows the vegetation types and area for each
Site for 2018 data and summaries for 2009 to 2015 data.
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Bare ground increased across the four study years of the ten year period. Appendix 2 table
shows the total increase in Bare ground for each study year but variations occurred at
individual Sites for each sampling year. Figure 3-9 and Figure 3-10 show each site with total
Herbaceous and Shrub Cover along with Bare ground (B1 and B2 combined). Site 1 does
not show a marked increase in Bare ground until 2018 while Sites 2, 7, 9, and 13 show a
marked increase starting in 2015. Sites 3, 10, 11, and 12 show a marked increase starting
in 2012. The remaining sites show a gradual increase in Bare ground since 2009. Site 6
remained mainly bare ground from 2009 to 2018 (See page 72 for photo comparison) and
Site 14 had minimal bare ground for the four study years.

Site 13 was an exception for all years with Bare ground never increasing in area size greater
than vegetated area size (Figure 3-10). There was an increase in bare ground in 2015 which
decreased in 2018 but not back to 2009 and 2012 levels.

The disturbance responsible for the Bare ground was not the reservoir fill regime but rather
the result of overland flow by Puddingbowl Creek. In 2018, Puddingbowl Creek had
established a deeper and more defined channel through the treed bench area before
entering the open reservoir drawdown zone. This reduced, but did not eliminate, the
overland flow across Site 13. Air photos of Site 13 in June 2015 and June 2018 show the
recovering vegetation Cover over the Bare ground areas in 2015 (Figure 3-11).
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Site 13, 2015
Site 13, 2018

Figure 3-11:  Air photos of Site 13 in June 2015 and in June 2018.
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Community types

There have been changes in the community types based on the dominant species across
years. Wetland communities and communities requiring wet open ground have decreased
or have disappeared from the sampling sites. The communities within this type included
(see Appendix 2 for the detailed table):

e H6, the small-flowered bulrush community, had an increase in size from 2009 to
2012 but then a steady decline in the area. The original area is no longer a bulrush
community with horsetail as the third dominant species for the community. By
2018, the majority of the area is now common horsetail as the dominant species.

¢ H11, yellow monkey-flower has experienced a steady decline in the area from 3.52
ha in 2009 to 0.03 ha in 2018. This is an annual species, so it is strongly associated
with seasonal weather patterns. The study years 2015 and 2018 both had warm
dry spring conditions. H11 only occurred near seeps or small ephemeral streams
that provided additional moisture.

e H2, sedge species as the dominant species, decreased to a trace amount of area
by 2018. However, sedge species still contribute to communities as the second or
third dominant species.

e H12, cottonwood less than 50 cm tall (measured within Herbaceous quadrats), had
a small area (0.03 ha) close to full pool shorelines in 2009. It did not appear in any
of the subsequent years of sampling. The area in the drawdown zone close to full
pool is where woody debris collects at many of the sampling Sites. The areas that
occurred in 2009 had the potential of loss of young woody vegetation through
scouring by the woody debris.

e H1, common horsetail, is a Facultative (FAC) species that occur in wetlands or
non-wetlands. It displayed a slight and steady decline since 2009. The H1
community was the dominant species along the drawdown zone for the reservoir
in all sampling years. It remained considerably higher in cumulative cover and area
covered over the four sampling years compared to other vegetation communities.

There were also four communities added after 2009. These were:

H13, nodding wood-reed (added in 2012);

H14, wormseed mustard (added in 2012);

H15, mouse-eared chickweed (added in 2012); and
H16, silvery hair-grass (added in 2015).

These four species occurred along the reservoir drawdown zone in 2009 but were not the
dominant species for the community where they occurred. Nodding wood-reed (Cinna
latifolia), a perennial grass, and the annual herbaceous species wormseed mustard
(Erysiumum cheiranthoides) and mouse-eared chickweed (Cerastium fontanum) both
weedy species, became dominant species for plant communities in 2012. In 2015, silvery
hair-grass (Aira caryophyllea) was the dominant annual grass species, requiring the
addition of the new community H16 to be added. Because there were no dominant grass
communities in 2009, grass communities were combined in subsequent years to allow for
comparison. The grass community H4 in 2009 covered 30.7 ha of the reservoir. The total
area for combined grass communities (H4, H13, and H16) for each subsequent year was:

e 2012=7.0 ha;
e 2015=11.7 ha; and
e 2018 =9.5ha.
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The 2009 grass community area was significantly larger than in 2012, 2015, and 2018 (data
combined into H4 for all years for comparison) (P = <0.001, t = -5.8) (Appendix 4). Grass
communities continued to be a dominant community type but did not cover as large of an
area as in 2009.

The changes with these community types may have resulted from the spring weather more
than the reservoir stage influence. The elevations sampled were exposed during the spring
growing season when sampled in June. All species were present in 2009 but stressors such
as low precipitation and warmer spring temperatures as in 2015 and 2018, may have
promoted the expansion of silvery hair-grass. Nodding wood-reed may have increased with
the higher precipitation in June 2012 allowing it to increase in cover from 2009.

Tree and shrub areas show variations across years. The tree area increased from 2015
mainly due to the transition of shrubs into the tree classification, as heights increased above
two metres. The shrub areas showed a large increase to the area in 2012 and a large
decrease in 2015 without a corresponding increase in the tree area. The 2012 air photos
were taken before the reservoir filled above 576.7 m elevation (full pool). 2012 experienced
above full pool levels during the summer to reduce flooding downstream of the drainage
area. The result probably impacted the narrow zone close to full pool where shrubs occur.
The 2015 air photo analysis showed increase area of bare ground due to woody debris at
many of the sites. The woody debris may have scoured many of the smaller shrubs resulting
in the reduced area in 2015.

Common horsetail is the dominant community for the reservoir for the four study years.
Cover by the dominant community was graphed to explore the relationship with the bare
ground that did not have trace vegetation (B1), Figure 3-12 (A). The horsetail community
has a gradual decline from 2009 to 2018. The combined shrub community was also graphed
in relationship to B1. The shrub community for the reservoir for each year had an increase
in cover in 2012 but in 2015 it dropped below the 2009 area and recovered to 2009 level by
2018.

Figure 3-12 (B) shows Bare ground with trace vegetation (B2) which has less than 15 per
cent vegetation cover, with most areas averaging less than 5 per cent cover with the ground
truthing during vegetation surveys. Cover that did occur within the B2 area was dominated
by small plants averaging 10 cm tall. The species included: mouse-eared chickweed,
wormseed mustard, smart weed, and common horsetail.
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Figure 3-12: Bare ground (B1, no vegetation), horsetail, and the Shrub community for
each study year (A). Bare ground with trace vegetation (B2) and Herbaceous
communities combined for the four study years (B).

There was a progressive decrease in the vegetated area from 2009 to 2018, and
conversely, an increase in Bare ground with trace vegetation (B2) (Figure 3-12). Both trends
were highly significant, and reasonably represented with linear regression.

Combining both Bare ground classes and all vegetation (herbaceous, shrub, and tree)
results in slightly lower R? values but the trends were still highly significant (Figure 3-13).
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100

2009 2012 2015 2018
Figure 3-13: Comparison of the area of Bare (B1 and B2 combined) and vegetated
ground cover for the reservoir (total area 102.6 ha) for 2009 to 2018

sampling years.

The statistical testing of areas for combined community types was completed, resulting in a
significant difference across years for vegetation community changes. The differences in
the median values among the years, 2009, 2012, 2015, and 2018 for bare ground (B1 and
B2 combined), trees, shrubs, and herbaceous plant communities using all data, was greater
than expected by chance with a statistically significant difference of P = 0.001. Isolation of
the groups that differed showed that 2015 compared to 2018 had a P = 0.004. All other
comparisons had a P >0.001 (Chi-square = 15.85 and P = 0.001) (Appendix 4).

Testing of the per cent of the area that was Bare indicated that 2015 and 2018 were
significantly larger than 2009 (P = 0.02, t = 26.7) but the per cent of the Bare ground in 2012
was apparently larger than 2009 (Appendix 4). Assessment needs to be conservative as
there were only four data points for the per cent of the area for Bare ground analysed.
However, there has been a gradual increase of Bare ground with a trendline R? = 0.9. The
per cent of the area covered by vegetation was the reverse as indicated in Figure 3-13 with
a significant decrease in area for 2015 and 2018 compared to 2009 (P = 0.02, t = 26.8) but
2012 was not significantly smaller in the per cent of the area covered by vegetation
communities compared to 2009 (Appendix 4).

The broad scale analysis revealed that the vegetated area decreased over the decade but
whether this was due to Alt S73 is less certain. The ‘mechanistic’ analysis from the field
inventory will help to refine the many factors influencing vegetation Cover and may indicate
which factors could contribute to the reduction of vegetation Cover. Those field inventory
results are presented in Section 3.3.2.

3.2.1 Ordination of Sites by Area

The NMS analysis of the vegetation communities by area was completed using all
communities and all sites for the four years with the results graphed. Data failed the Monte
Carlo test (P = 0.12 on axis 1, P = 0.06 on axis two and P = 0.04 on axis three) so it was
not used for analysis but it is supplied in Appendix 3 as a visual aid to represent how
communities shifted across years for all Sites and with all of the community types.
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Data was then reduced (see methods for grouping vegetation communities and criteria
used) resulting in data passing the Monte Carlo test Axis 1 — P = 0.04, and Axes 2, 3, and
4 of P = 0.02, with a 3-dimensional solution recommended (Appendix 4).

The coefficients of determination for the correlation between ordination distances and
distances in the original n-dimensional space were:

e Axis1l-R2=0.30;

e Axis2-R2=0.46; and

e Axis3—-R2=0.57.

Even though axes 2 and 3 had the strongest correlation, axes 1 and 2 were chosen to be
graphed because the herb community was associated strongly with axis 1 (Figure 3-14).

The second matrix had the community types grouped to show the influence of each
vegetation type. These were: tree, shrub, and a total of the herbaceous communities (all
communities from original list).
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Figure 3-14:  Nonmetric multidimensional scaling (NMS) applied to area occupied by the
community for each site for each sampling year. The ordination is on rank
order. The vectors indicate the direction of increasing cover, and their length
reflects the magnitude of the association with ordination axes.
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3.3

3.3.1

The vectors have a correlation with the ordination axes:

Bare ground R? = 0.05 with axis 3;
Shrub R? = 0.25 with axis 2;

Tree R? = 0.24 with axis 2; and
Herb R? = 0.55 with axis 1.

Because axes 1 and 2 were chosen for Figure 3-14 there is no ‘Bare’ vector because the
R? = 0.01 for axis 1 and zero for axis 2.

Testing Hoz

The testing of the Ho1: “Alt S73 will not result in a decrease to the area and alterations in
the species composition of both wetland and riparian vegetation communities” was
completed using the Mantel test. The test for alterations in the species composition (change
in vegetation communities) resulted in the rejection of the Ho; with P = 0.00, r = 0.36 (r =
Standardized Mantel statistic). A second test was completed for the bare ground which
resulted in a significant increase in the bare ground area since 2009 (actual P = 0.0009,
rounded off to P<0.00, r = 0.16) (Appendix 4). Therefore, the Ho1 was rejected as there was
a decrease in area and alterations in the species composition for all vegetation communities
including the riparian and wetland communities. This analysis supports the prior analyses,
with the regression analysis revealing a progressive transition from trace vegetation to
barren, as well as the y? analysis that confirmed the significant changes across the four
vegetation surveys.

Field Sampling

Ground level Photograph Monitoring Points

The information for the individual site with reservoir data is found in Table 3-1 to Table 3-12.
Information about the tables is found in Methods, Section 2.3 Field Sampling

Ground Level Photo-Monitoring Points. The “W” prior to the species code name indicates
weedy species (in tables) following Royer and Dickinson (1999) and species listed as weedy
is from the B.C Weed Control Act.

Upland summary tables for each site include dominant species, cumulative cover, species
richness, and site cover by upland for tree, shrub, and herb plots.
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Site 1 was the most southern site and closest to the Duncan Dam. The sampled upland
zone above full pool (Appendix 1 can be found in the developed Glacier Creek Forest

Recreation Site. A summary of the Site 1 findings are located in Table 3-1.

Table 3-1:

The dominant plant species, cumulative cover, species richness, and overall

reservoir vegetation cover totals for Site 1, monitored in 2018. Site richness
for 2009, 2012, 2015, and 2018 is included for comparison.

Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 1 Cover Cover % | cover % Dominant Species Cover
h W_Equi_arv N) 173.2 11.9 1.6 h W_Equi_arv (N) 3,870.8
h W _Poly lap (N) 170.6 11.8 15 h_Care_spp (N) 710.5
h_Coll_lin (N) 138.1 9.5 1.2 h Moss (N) 660.1
h_Care_aqu (N) 90 6.2 0.8 h_Coll_lin (N) 412.4
h W _Cera_vul (N) 80.2 5.5 0.7 h W _Poly lap (N) 338.6
h W Erys che (N) 58.8 4.1 0.5
Vegetation Type Site Richness R_eservoir Coding: h=herb, g = grass, W =weed,
09 | 12 | 15 | 18 | Richness | s = shrub, t = tree, (N) = native, (E) =
Herb 20117 | 22| 23 53 exotic. All species names are located in
Shrub 410213 12 Appendix 1 and species codes are the
Tree 5| 3| 4| 4 7 first 4 letters of the genus and first 3
Total 29201281 30 72 letters of SpECies.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and

for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 1. Upland transects lengths were: #1: O-
31 m, #869: 0-24 m. There was no change from 2015, except the growth of trees and

shrubs.
Quadrat  Dominant Site Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
Pseu_men 210.0 57.9 20.0
T Lari_occ 55.0 15.2 95.5 T=7
50 m? Betu_pap 425 11.7 5.8
Pinu_con 30.1 8.3 100.0
S Rubu_par 32.5 56.3 19.1 S=9
8 m2 Shep_can 17.5 30.3 6.9 B
H Pach_myr 375 24.0 42.9 H=21
1m? Moss 17.5 11.2 23

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33

Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 1 had two transect lines, Transect #1 and Transect #869.

Site 1 - Transect #1 (320 m)

2009 Looking up the line at 87 m. 2018 Looking up the line at 87 m.
Site 1 - Transect #869 (134 m)

2009 Looking down the line at 1 m. 2018 Looking down the line at 1 m.

Site 2 was located to the north and on the opposite side of Glacier Creek from Site 1. There
is established recreational road access to the site. This area was frequently utilized by off
road vehicles, as evidenced by the numerous tire tracks in the drawdown zone. Evening
primrose (Oeno_vil) was the third dominant species in 2012 for the site, fell to fourth in 2015,
and was ranked as the dominant species in 2018 (Table 3-2). It occurred mainly in one large
patch along one transect line and occurred multiple times along transect #822. Reed canary
grass (Phalaris arundinacea) is not listed as a noxious weed by the B.C. Weed Control Act
but is a weedy species of concern and an invasive species prevalent in disturbed areas but
not at the sites sampled at the Duncan Reservoir. In 2009, Site 2 had reed canary grass
recorded along one transect line with a 2.5 per cent cover (1 m? quadrat). In 2015 and 2018
there was no reed canary grass observed along transects. Change in tag #s: 701 = 884,
702 =885, and 703 = 822. Summaries are presented in Table 3-2.
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Table 3-2: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 2 in 2018.
Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 2 Cover Cover % | cover % | Dominant Species Cover
h Oeno vil (N) 260.0 19.3 2.3 h W Equi arv (N) 3,870.8
h Coll lin (N) 193.2 14.3 1.7 h Care spp (N) 710.5
g _Agro_gig (E) 75.0 5.6 0.7 h Moss (N) 660.1
g Cinn_lat (N) 65.4 4.9 0.6 h Coll lin (N) 412.4
h Lapp red (N) 65.2 4.8 0.6 h W Poly lap (N) 338.6
h Care aqu (N 60.0 4.5 0.5
. Site Richness Reservoir Coding: h = herb, g = grass, W = weed,
Vegetation Type 09 |12 |15 | 18 Richness s = shgrlub, t = tree? (Ng) = native, (E) =
Herb 20117125 26 53 exotic. All species names are located in
Shrub 4 0|2 | 4 12 Appendix 1 and species codes are the
Tree 53|33 7 first 4 letters of the genus and first 3
Total 29 [20] 30| 33 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site
and for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 2. No changes were noted except for the
growth of trees and shrubs. Upland transects lengths were: #884: 0-25 m, #885: 0-20 m,
and #822: 0-24 m.

Quadrat Dominant Site Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Popu_tri 260.0 45.4 41.6
50 m? Pseu_men 202.5 35.4 19.2 T=7
Betu_pap 75.1 13.1 10.3
s Amel_aln 32.5 28.8 92.6
8 m2 Shep_can 15.2 13.5 6.0 S=6
Rubu_par 15.0 13.3 8.8
H Moss 85.0 46.4 11.3 H =10
1m? Linn_bor 375 20.5 62.4

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 2 - Transect #884 (304 m)

2009 Looking up the line at 163 m. 2018 Looking up the line at 163 m.
Site 2 —Transect #885 (388 m)

2009 Looking down the line at 6 m. 2018 Looking down the line at 1 m.

.

Down reservojr

2009 Looking down reservoir at 31 m. 2018 Looking up the line at 61 m.
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Site 2 —Transect #885 Continued

Cottonwoods

Cottonwoods \

2009 Looking down reservoir at 44 m 2018 Looking up the line at 30 m.
Site 2 —Transect #822 (360 m)

/ /

2009 Looking up the line at 30 m. 2018 Looking up the line at 30 m.

Site 3 was located on a peninsula in an area referred to as the “Lower Arm”, which occurs
between Duncan Island and the eastern shore of Duncan Reservoir. No external influences
were noted for this site. Reed canary grass was recorded along transect line 812 within one
guadrat at 2.5 per cent cover of the 30 per cent cover for the one quadrat in 2015. There
was no reed canary grass recorded along transects in 2018. By 2015 there was only a
remnant of it surviving in the one location near full pool. By 2018, it was gone and the
guadrat had a cover of 87.6 per cent of other herbaceous species less dependent on high
moisture levels. Site 3 has a very shallow substrate over bedrock. See Table 3-3 for
summaries of cover and species richness. Since a second transect line, #812, was added
in 2012, the comparison photos are from 2012 and 2018.
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Table 3-3: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 3 in 2018.
Dominant Cumulative Site Reservoir Reservoir Cumulative
Species for Site 3 Cover Cover % | cover % | Dominant Species Cover
h Moss (N) 380 55.6 3.4 h W Equi arv (N) 3,870.8
h W Equi arv (N) 150 22.0 1.4 h Care spp (N) 710.5
g_Cinn_lat (N) 72.5 10.6 0.7 h Moss (N) 660.1
h W Cera vul (N) 67.9 9.9 0.6 h Coll lin (N) 412.4
h Coll lin (N) 55.5 8.1 0.5 h W Poly lap (N) 338.6
Vegetation Type Site Richness Rt_aservoir Coding: h = herb, g = grass, W = weed,
09 | 12 | 15 | 18 | Richness | s = shrub, t = tree, (N) = native, (E) =
Herb 20 17119114 53 exotic. All species names are located in
Shrub 4 ol 516 12 Appendix 1 and species codes are the
Tree 5 3| 3| 4 7 first 4 letters of the genus and first 3
Total 29 201 30| 24 72 letters of SpeCieS.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurred within a
two-metre change in elevation above full pool for Site 3. No change was noted except for
the growth of trees and shrubs. Upland transects lengths were: #704: 0-25 m and

#812: 0-6 m.
Quadrat Dominant Site Cumulative % Cover of Site Cover by Species

Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Thuj_pli 207.5 55.0 11.2 T=3

50 m2 Pseu_men 140.0 37.1 13.3 -
S -

8m2 N/A - - - S=6
H Moss 100.0 46.5 13.2 H=7

1 m?2 Pleu_sch 97.5 45.3 52.7

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33

Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 3 — Transect #704 (52 m)

2018 Looking up the line at 17 m.

2012 Looking up the line at 17 m.
Site 3 — Transect #3812 (48 m)

2012 Looking up the line at 48 m. 2018 Looking up the line at 48 m.

Site 4 was located on a long, narrow bay on the western side of a large island (Duncan
Island). Duncan Island supports a private woodlot. A number of permanent, private
residences are also located in the undisturbed upland above full pool. See Table 3-4 for
cover and species richness summary.
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Table 3-4: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 4 in 2018.
Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 4 Cover Cover % | cover % | Dominant Species Cover
h W _Equi arv (N) 277.6 38.0 2.5 h W Equi arv (N) 3870.8
h Moss (N) 122.5 16.8 1.1 h Care spp (N) 710.5
h Mimu gut (N) 85.2 11.7 0.8 h Moss (N) 660.1
g_Aira car (E) 65.4 9.0 0.6 h Coll lin (N) 412.4
h W Cera vul (N) 35.3 4.8 0.3 h W Poly lap (N) 338.6
h W_Medi_lup (E) 30.1 4.1 0.3
Vegetation Type Site Richness R(_eservoir Coding: h=herb, g=grass,W=weed,
09 | 12 | 15 | 18 | Richness | s = shrub, t = tree, (N) = native, (E) =
Herb 20 | 17 1171 18 53 exotic. All species names are located in
Shrub 4 ol 112 12 Appendix 1 and species codes are the
Tree 5 3 | 2| 2 7 first 4 letters of the genus and first 3
Total 29 20 | 20| 22 72 letters of SpeCieS.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 4. No changes noted except for the growth
of trees and shrubs. Upland transects lengths were: #705: 0-12 m and #706: 0-6 m.

Quadrat Dominant Cumulative % Cover of Site Cover by Rsigﬁ(r:lleesss
Area Site Species  Cover (%) Site Res. Cov. (%) #)
T T_Thuj_pli 185.0 60.7 9.9
50m2  T_Pseu_men 67.5 22.1 6.4 T=3
T Betu_pap 52.5 17.2 7.2
S Shep_can 62.5 56.8 24.7 S=>2
8 m2 Thuj_pli 30.0 27.3 46.1 -
- Moss 85.0 79.1 75.0 H=4
m

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 4 — Transect #705 (71 m)

2009 Looking up the line at 50 m. 2018 Looking up the line at 50 m.
Site 4 — Transect #706 (54.0 m)

2009 Looking up the line at 51 m. 2018 Looking up the line at 51 m.

Site 5 was located in an area referred to as the “Upper Arm”, which occurs between Duncan
Island and the eastern shore of the Duncan Reservoir. There was little evidence of recent
human activity in the upland, since access to the site had substantial brush cover in a
previously logged area and required “bushwhacking”. Well used game trails were observed
and noted during site access. In past surveys, there was no observable influence of the
creek flow, but there were large quantities of water seeping from the upland, forming
extensive saturated areas that did not support vegetation. In 2018, there was substantial
drying of the site that started in 2015. See Table 3-5 for cover and species richness
summaries.
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Table 3-5: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 5in 2018.
Dominant Cumulative Site Reservoir Reservoir Cumulative
Species for Site 5 Cover Cover % | cover % | Dominant Species Cover
h W Equi arv (N) 117.7 10.4 1.1 h W _Equi arv (N) 3870.8
g Aira_car (E) 115.6 10.2 1.0 h Care spp (N) 710.5
h Mimu gut (N) 47.5 4.2 0.4 h Moss (N) 660.1
g Cinn_lat (N) 22.5 2.0 0.2 h Coll lin (N) 412.4
h W Erys che N) 20.4 1.8 0.2 h W Poly lap (N) 338.6
h W Matr_dis (E) 20.3 1.8 0.2
Vegetation Type Site Richness R(_eservoir Coding: h=herb, g = grass, W =weed,
09 | 12 | 15 | 18 | Richness | s = shrub, t = tree, (N) = native, (E) =
Herb 20| 17 | 16 | 13 53 exoatic. All species names are located in
Shrub 4 | 0 2 5 12 Appendix 1 and species codes are the
Tree 5 | 3 1 |1 7 first 4 letters of the genus and first 3
Total 29 20 19 19 72 letters of SpeCieS.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site

and for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 5. No change noted except for growth of
tree and shrubs. Upland transects lengths were: #707: 0-10 m and

#813: 0-12 m.
Quadrat Dominant Site Cumulative % Cover  Site Cover by Species
Area Species Cover (%) of Site Res. Cov. (%) Richness (#)
T Thuj_pli 330.0 44.6 17.7
50 m? Tsug_het 152.5 20.6 18.8 T=5
Betu_pap 140.0 18.9 19.1
S Shep_can 122.5 72.1 48.5 S=5
8 m? Rubu_par 42.5 25.0 25.0
H Moss 15.0 35.2 2.0 H=6
1m? Pter_aqu 15.0 35.2 37.4

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33

Note: Species richness column is the species found within each quadrat size sampling unit on each site.

67



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2
VAST Resource Solutions Inc. BC Hydro

Site 5 — Transect #707 (130 m)

2009 Looking up the line at 106 m. 2018 Looking up the line at 106 m.
Site 5 — Transect #813 (71 m)

2012 Looking up the line at 48 m. 2018 Looking up the line at 48 m.

Site 6 was located on the southern side of “Little Glacier Creek”. This site was influenced
by the creek and proximity to the Duncan River Forest Service Road. An overgrown skid
trail and an abandoned camper indicated that this area was regularly visited by people prior
to 2008. Vegetation on the site was sparse with the majority of the transect line on bare
ground (Table 3-6). There were 6 species at the site and all of them had an observed
frequency of one, i.e., occurring in a single quadrat. Two quadrats had vegetation recorded
for each transect. No dominant species was observed, but the two species that occurred
once in a quadrat with a cover of 15 per cent are listed as the dominant species. Since
transect #814 was added in 2012 the photo comparisons are 2012 to 2018.
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Table 3-6: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 6 in 2018.
Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 6 Cover Cover % | Cover % Dominant Species Cover
h W _Poly lap (N) 15 59.3 0.14 h W_Equi_arv (N) 3870.8
t Thuj pliS_ (N) 15 59.3 0.14 h_Care_spp (N) 710.5
h_Moss (N) 660.1
h_Coll_lin (N) 412.4
h W Poly lap (N) 338.6
- Site Richness Reservoir | Coding: h = herb, g = grass, W = weed,
Vegetation Type 09 |12 | 15| 18 | Richness | s = shgrlub, t= tree? (Ng) = native, (E) =
Herb 20 | 17| 5 5 53 exotic. All species names are located in
Shrub 4 ol o 0 12 Appendix 1 and species codes are the
Tree 5 3]0 1 7 first 4 letters of the genus and first 3
Total 29 | 20 | 5 6 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 6. In 2018, Transect Line #708 was
reduced in length because of scouring from Little Glacier Creek. Transect Line #814 had
reduced ground cover because of the bank slide which removed vegetation in 2015 and
created an extremely steep bank. There was sparse herbaceous growth at the toe of the
bank but no colonization of the steep bank by 2018. Upland transects were: #708: 0-27 m
and #814: 0-5 m.

Quadrat Dominant Site  Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Tsug_het 177.5 35.1 21.8 _
0 m2 Cop T=5
S0m Thuj_pli 160.0 31.7 8.6
S Shep_can 175 33.3 6.9
8 m2 S=2
Tsug_het 175 33.3 87.5
H Pleu_sch 85.0 55.7 45.9 H=o
1m? Moss 67.5 44.3 8.9

Upland Species for Reservoir = 66 - Tree =11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 6 - Transect #708 (128 m)

2009 Looking up the line at 38 m. 2018 Looking up the line at 38 m.
Site 6 - Transect #814 (35 m)

2012 Looking up the line at 36 m. 2018 Looking up the line at 36 m.

2012 Looking down the line at 1 m. 2018 Looking down the line at 1 m.
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Site 7 was located on a point of land defined by Howser Creek to the north and the Duncan
Reservoir to the west. A well-used camp site was located in the upland above the full pool.
Although Howser Creek was adjacent to the site, there was no observable creek influence
on the site. See Table 3-7 for cover and species richness summaries.

Table 3-7: The dominant species, cumulative cover, species richness, and overall

reservoir totals for Site 7 in 2018.

Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 7 Cover Cover % | Cover % Dominant Species Cover
h W Cent mac E) 32.6 24.0 0.3 h W Equi arv (N) 3,870.8
h Frag vir (N) 15 11.1 0.1 h Care spp (N) 710.5
h Moss (N) 660.1
h_Coll_lin (N) 412.4
h W Poly lap (N) 338.6
. Site Richness Reservoir | Coding: h = herb, g = grass, W = weed,
Vegetation TYPe 59T 15 [ 15 [ 18| Richness s = shgrlub, t= tree? (Ng) = native, (E) =
Herb 20 [17 | 6 | 6 53 exotic. All species names are located in
Shrub 4 0|01 12 Appendix 1 and species codes are the
Tree 5 31111 7 first 4 letters of the genus and first 3
Total 2920 71 8 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 7. Transect #3 had brush and trees (cut
down along the full pool edge — human impact in 2012) that were growing back since the
clearing. No changes noted except for the growth of trees and shrubs for both transects.
Upland transects lengths were: #2: 0-24 m and #3: 0-7 m.

Quadrat Dominant Cumulative % Cover of Site Cover by Species
Area Site Species Cover (%) Site Res. Cov. (%) Richness (#)
Popu_tre 65.0 20.1 78.8
Betu_pap 62.5 19.4 8.5
co Popu_tri 55.0 17.0 8.8 T=8
Corn_sto 52.6 16.3 20.0
Pinu_mon 525 16.3 99.8
Rosa_gym 62.6 44.7 96.2
Sf’n , Corn_sto 375 26.7 99.7 S=4
Popu_tri 20.0 14.3 21.6
H Cent_mac 275.0 45.0 88.0 H=11
1m? Moss 152.5 25.0 20.2

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 7 consisted of two transect lines: Transect #2 and Transect #3.
Site 7 - Transect #2 (40 m)

2009 Looking up the line at 28 m. 2018 Looking up the line at 28 m.
Site 7 - Transect #3 (55 m)

2009 Looking up the line at 28 m. 2018 Looking up the line at 26 m.

2009Looking down line at 28 m. 2018 Looking down the line at 26 m.
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Site 9 was located on the north side of Clancy Creek. An unofficial camp site was located
on the south side of the creek in the upland above full pool and was accessed by an old
road. Although Clancy Creek was nearby, no observable creek influence was noted on the
site itself. See Table 3-8 for cover and species richness summaries.

Table 3-8: The dominant species, cumulative cover, species richness, and overall

reservoir totals for Site 9 in 2018.

Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 9 Cover Cover % | Cover % | Dominant Species Cover
h _Care _spp (N) 217.5 18.3 2.0 h W _Equi_arv (N) 3,870.8
h W_Equi_arv (N) 166.4 14.0 15 h Care spp (N) 710.5
h W _Poly lap (N) 56.3 4.7 0.5 h_Moss (N) 660.1
h_Linn_bor (N) 15 1.3 0.1 h_Coll_lin (N) 412.4
h _Equi_hye (N) 12.5 1.0 0.1 h W _Poly lap (N) 338.6
h W Chen alb (N) 7.5 0.6 0.1
. Site Richness Reservoir | Coding: h = herb, g = grass, W = weed,
Vegetation Type [ -55T 15 115 [ 18] Richness | s = shoub, t = tree. (N% = native, (E) =
Herb 201171 9 ] 11 53 exotic. All species names are located in
Shrub 4 | 0| 3 3 12 Appendix 1 and species codes are the
Tree 5 310 0 7 first 4 letters of the genus and first 3
Total 292012 14 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 9. No changes were noted except for the
growth of trees and shrubs. Upland transect line lengths were: #709: 0-7 m,

#710: 0-13.5 m, #711: 0-14 m, and #712: 0-13 m.

Quadrat Dominant Site  Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Thuj_pli 475.0 52.8 25.5 T=9
50 m2 Betu_pap 180.0 20.0 24.6 -
S -
8 m? Pach_myr 77.5 83.7 83.8 S=5
H Moss 102.5 95.2 13.6 H=3
1m

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33

Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 9 -Transect #709 (92 m)

2009 Looking up the line at 56 m. 2018 Looking up the line at 56 m.
Site 9 - Transect #710 (107 m)

2009 Looking up the line at 14 m. 2018 Looking up the line at 14 m.

2009 Looking down the line at 14 m. 2018 Looking down the line at 14 m.
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Site 9 - Transect #711 (151 m)

2009 Looking up the line at 45 m. 2018 Looking up the line at 45 m.
Site 9 - Transect #712 (168 m)

2009 Looking up the line at 39 m. 2018 Looking up the line at 39 m.

Site 10 was located on both the north and south sides of Cockle Creek, although none of
the transect lines intercepted the creek. An unofficial camp site was located on the north
side of the creek in the upland above full pool and was accessed by an old road, which
ended at the reservoir, but did not cross the creek. Cockle Creek, which intersected the site,
influenced the upland section of Transect #6. Transects #713 and #714 were not affected.
See Table 3-9 for cover and species richness summaries.
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Table 3-9: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 10 in 2018.
Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 10 Cover Cover % | Cover % | Dominant Species Cover
h_Care_spp (N) 40.1 6.0 0.4 h W _Equi_arv (N) 3,870.8
h Drya dru (N) 40 6.0 0.4 h_Care_spp (N) 710.5
h W_Equi_arv (N) 27.7 4.1 0.3 h_Moss (N) 660.1
h W_Cent _mac (E) 15 2.2 0.1 h Coll lin (N) 412.4
h W _Rume cri (E) 15 2.2 0.1 h W _Poly lap (N) 338.6
h W Poly lap (N) 14 2.1 0.1
. Site Richness Reservoir | Coding: h = herb, g = grass, W = weed,
Vegetation Type 555 T 1 T 157 Richness | s = stub, { = tree. (N% = native, (E) =
Herb 20 |17 ] 15 [ 16 53 exotic. All species names are located in
Shrub 410 2 1 12 Appendix 1 and species codes are the
Tree 5| 3 2 1 7 first 4 letters of the genus and first 3
Total 2920 19 | 18 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 10. The last 5 m of Transect #6 was
impacted by scouring from Cockle Creek and had very low vegetation cover to no cover
along this section of the line compared to previous years. No change was noted except for
the growth of trees and shrubs for the other two lines. Upland transects line lengths were:
#713: 0-14 m, #714: 0-11 m, and #6: 0-24 m.

Quadrat Dominant Site  Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
Pseu_men 185.0 27.6 17.6
T Tsug_het 140.0 20.9 17.2 _
) - T=7
S0m Thuj_pli 117.6 175 6.3
Pice_gla 102.5 15.3 95.3
S . _
8 m? Popu_tri 52.5 65.5 56.8 S=3
H Pach_myr 42.5 27.3 48.6
1 m? Cent_mac 32.6 21.0 10.4 H=9
Moss 30.0 19.3 4.0

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33

Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 10 - Transect #6 (185 m)

2009 Looking up the line at 85 m. 2018 Looking up the line at 71 m.
Site 10 - Transect #713 (90 m)

2009 Looking up the line at 52 m. 2018 Looking up the line at 52 m.
Site 10 - Transect #714 (84 m)

2009 Looking down the line at 1 m. 2018 Looking down the line at 1 m.
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Site 11 was located on the west side of Duncan Reservoir and was accessible by a new
road in 2018. The site spanned the north and south sides of Idaho Creek; with transect line
#716 intercepting the creek. ldaho Creek, which intersected the site, was noted as an
influence on the northernmost transect (#716), but not on the southernmost transect (#715).
Reed canary grass was recorded along transect 715 within four different quadrats with 15
per cent cover within each of the three quadrats and 2.5 per cent in the fourth quadrat (total
cumulative cover of 47.5 per cent cover) and transect 716 had one quadrat with 2.5 per cent
cover in 2009. In 2012 cover was reduced to 0.1 per cent within the four quadrats and two
guadrats with 2.5 per cent each for transect 716. In 2015, reed canary grass was reduced
to 2.5 per cent within a single quadrat, along transect 716. In 2018, no reed canary grass
occurred along transects 715 or 716 quadrats. The quadrats at Site 11 with reed canary
grass occurred at lower elevations than at Site 3. It is theorized that the annual fill regime
resulted in inundation durations long enough to reduce and eliminate the reed canary grass
sampled since 2009 by 2018. See Table 3-10 for cover and species richness summaries.

Table 3-10: The dominant species, cumulative cover, species richness, and overall

reservoir totals for Site 11 in 2018.

Dominant Species | Cumulative Site Reservoir Reservoir Cumulative
for Site 11 Cover Cover % | Cover % | Dominant Species Cover
h W Equi arv (N) 240 47.9 2.2 h W Equi arv (N) 3,870.8
h Moss (N) 75 15.0 0.7 h Care spp (N) 710.5
h Care spp (N) 32.5 6.5 0.3 h Moss (N) 660.1
g_Agro_gig (E) 30.1 6.0 0.3 h Coll lin (N) 412.4
g_Cinn_lat (N) 5.1 1.0 0.0 h_W_Poly lap (N) 338.6
Vegetation Type 098|tel;|ch1rée5318 Elefﬁ;\g;! Coding: h = herb, g = grass, W = weed, s
H =shrub, t = tree, (N) = native, (E) = exotic.
erb 20 17| 7 6 53 . . )
Shrub 2 10 1 ) 10 All species names are located in Appendix
1 and species codes are the first 4 letters
Tree > 131142 ! of the genus and first 3 letters of species.
Total 29 | 20| 9 8 72

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 11. Transect Line 716 had dead shrubs
and small trees in 2018 that were alive and healthy in 2012 and 2015. The new road, which
was uphill from the site, impacted the upland transects as clearing and road debris occurred
within one metre of change in elevation. Blow downs from the road clearing and decrease
in crown closure influenced the upland transects. Upland transect lengths were: #715 — O-
7 mand #716 — 0-7 m.

Quadrat Dominant Site Cumulative % Cover of Site Cover by Species
Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Thuj_pli 100.0 42.6 5.4
50 m? Acer_gla 65.0 27.7 55.3 T=5
Corn_sto 52.5 22.3 20.0
S Ribe_lac 62.5 44.6 100.0 S=4
8 m? Rubu_par 62.5 44.6 36.7
1?12 Gymn_dry 15.0 85.2 99.3 H=3

Upland Species for Reservoir = 66 - Tree =11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.
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Site 11 - Transect #715 (67 m)

/
/

2009 Looking down the line at 14 m. 2018 Looking down the line at 14 m.

2009 Looking up the line at 14 m. 2018 Looking up the line at 14 m.
Site 11 - Transect #716 (71 m)

2009 Looking down reservoir at 27 m. 2018 Looking down reservoir at 27 m.
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2009 Looking down the line at 27 m. 2018 Looking down the line at 27 m.

Site 12 was located on the west side of Duncan Reservoir, immediately south of La Barie
Creek, and was accessible by the new road in 2018. La Barie Creek runs through the north
end of the site and had no influence on either transect (#5 or #718). See Table 3-11 for
cover and species richness summaries.

Table 3-11: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 12 in 2018.
Dominant Species| Cumulative Site Reservoir Reservoir Cumulative
for Site 12 Cover Cover % | Cover % Dominant Species Cover
h W Poly lap (N) 23.6 18.3 0.2 h W Equi arv (N) 3,870.8
h W Erys che (N) 17.5 13.6 0.2 h Care spp (N) 710.5
h_Linn_bor (N) 15 11.7 0.1 h Moss (N) 660.1
h Care spp (N) 7.7 6.0 0.1 h_Coll lin (N) 412.4
h W Equi arv (N) 2.5 1.9 0.0 h W Poly lap (N) 338.6
. Site Richness Reservoir | Coding: h = herb, g = grass, W = weed, s
Vegetation Type 175915 [ 15 [ 18 | Richness | = shrub, t = tree, (N) = native, (E) = exotic.
Herb 20 | 17 ] 8 7 53 All species names are located in
Shrub 4 0 0 0 12 Appendix 1 and species codes are the
Tree 5 3 0 0 7 first 4 letters of the genus and first 3
Total 2920 ] 8 7 72 letters of species.

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.
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The following summary is for the upland vegetation above full pool that occurs within a two-
metre change in elevation above full pool for Site 12. Changes from road construction above
the site influenced the upland transect. Upland transect lengths were: #718: 0-7 m and #5:

0-12 m.
Quadrat Dominant Site  Cumulative % Cover of Site Cover by Species

Area Species Cover (%) Site Res. Cov. (%) Richness (#)
T Thuj_pli 135.0 51.4 7.3 To5

50 m2 Tsug_het 75.0 28.6 9.2 -
S -

8 m? N/A S=2
H Moss 15.0 30.0 2.0

1 m2 Pter_aqu 15.0 30.0 374 H=4

Vacc_mem 15.0 30.0 100.0

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.

Site 12 - Transect #5 (60 m)

2009 Looking up the line at 45 m. 2018 Looking up the line at 45 m.

2009 Looking down the line at 45 m. 2018 Looking down the line at 45 m.
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Site 12 - Transect #718 (52 m)

2009 Looking down the line at 1 m. 2018 Looking down the line at 1 m.

Site 13 was located on the west side of Duncan Reservoir at the extreme north end, near
the confluence of Puddingbowl Creek and the Reservoir. The site was accessible by foot
via a small, maintained path, which was used to access camp sites situated in the upland
from 2009 to 2015. The new road cut across the hill high above the site. Bushwhacking from
the edge of the road came out onto the original trail about 15 minutes from the site.
Puddingbowl Creek intersected the site and was noted as an influence on all surveyed
transects, since its channel was extremely braided and changed channels and overland
flow each of the sampling years. The ground within the area of Site 13 had a gradual slope
(average of 3.7 per cent) and did not meet the 10 m change in elevation requirement for a
reasonable transect length. A transect line in excess of possibly 1 km would have been
needed to fulfill the 10 m change in elevation criteria. The full pool edge scour that was
easily identified for all other Sites did not occur at Site 13. This made it difficult to decide
where transects should start in 2009. During our second visit, in 2012, it was determined
that transect lines 717, 719, and 720 started above full pool. In 2018 this was confirmed
using drone photos taken July 30, when the reservoir level at the dam was 576.3 m.

Reed canary grass occurred within one quadrat with a 2.5 per cent cover in 2012. No reed
canary grass was recorded along any of the transect lines in 2009, 2015, and 2018. Where
the reed canary grass was recorded willow had colonize the area and probably shaded out
the reed canary grass. The sections of transects that were determined to be upland were
removed from the drawdown data for all years of the study for 2018 analyses. See Table
3-12 for cover and species richness summaries.

Willow species were not one of the dominant covers in 2009 or 2018. However, change did
occur at Site 13 since 2009. Willow species combined total cover measured within Herb
guadrats (seedlings) was 2.5 per cent in 2009 and in 2018 it was 15 per cent total cover.
Willow species measured within Shrub plots (<2 m tall) total cover for the 4 transects
combined was 115 per cent in 2009 and 290 per cent in 2018.

Willow species combined total cover at Site 13 contributed 45.2 per cent of the total shrub
cover for the reservoir in 2009. In 2018, shrub cover at Site 13 contributed 68.5 per cent of
the total reservoir cover.
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Table 3-12: The dominant species, cumulative cover, species richness, and overall
reservoir totals for Site 13 in 2018.
Dominant Species| Cumulative Site Reservoir | Reservoir Dominant | Cumulative
for Site 13 Cover Cover % | Cover % Species Cover
h W _Equi arv (N) 2192.7 71.4 19.8 h W Equi arv (N) 3,870.8
h Care spp (N) 127.9 4.2 1.2 h Care spp (N) 710.5
g W Poa pra (E) 110.0 3.6 1.0 h Moss (N) 660.1
g Cinn_lat (N) 92.6 3.0 0.8 h Coll lin (N) 412.4
h Moss (N) 52.5 1.7 0.5 h W Poly lap (N) 338.6
h Equi hye (N) 35.3 1.1 0.3
Vegetation Type OgS|tizR|chlréessl8 Elefﬁ;\g;! Coding: h = herb, g = grass, W = weed, s =
Herb 501171 15 | 9 53 shrut?, t =tree, (N) = native, (E) = exotic.. All
Shrub 2 10 6 3 10 species names are located in Appendix 1
and species codes are the first 4 letters of
Tree > |3 2 0 ! the genus and first 3 letters of species.
Total 29120 | 23 | 12 72

Note: Species Richness is the number of species recorded for the vegetation type and is provided by Site and
for the reservoir overall.

This summary is for the upland vegetation above full pool that occurs within a two-metre
change in elevation above full pool for Site 13. Transect Line 719 had numerous dead tree
stems in 2009 and most were still standing in the upland in 2012. All of the smaller tree
stems closest to the reservoir full pool edge were absent in 2015. The young tree on the
edge of the standing dead had the Transect tag put on in it in 2009. It was still there in 2012
but was gone by 2015. No changes were noted except for the growth of trees and mainly
willow shrubs in the upland. Upland transects lengths were: #717: 0-13 m, #719: 0-20 m,
#720: 0-11 m, and #4: 0-13 m.

Quadrat Dominant Cumulative % Cover of  Site Cover by Species

Area Site Species Cover (%) Site Res. Cov. (%) Richness (#)
T . B

50 m2 Sali_spp 342.5 33.3 91.7 T=7
S Sali_spp 62.5 69.4 96.2 S=4

8 m? Popu_tri 15.0 16.7 16.2 -

1H ) Moss 85.0 75.2 11.3 H=7
m

Upland Species for Reservoir = 66 - Tree = 11 Shrub = 22 Herb = 33
Note: Species richness column is the species found within each quadrat size sampling unit on each site.

Site 13 was the only Site that had a riparian community next to the reservoir full pool edge.
The rest of the Sites along the reservoir had the edge of the reservoir go immediately into
the upland hillside. Shrub species (can be recorded within Shrub and/or Tree quadrats)
included three species of willow, red-osier dogwood, alder, and devil's club. The tree
species included paper birch, spruce hybrid, black cottonwood, western redcedar, and
western hemlock. The upland monitoring started in 2012, so photo comparison is 2018
photos compared to 2012 photos. These are supplied after the drawdown photo point
comparisons.
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Site 13 - Transect #717 (100 m)

Upland Community

Upland Community / \

2009 Looking up the line at 54 m. 2018 Looking up the line at 54 m.

2009 Looking down the line at 54 m. 2018 Looking down the line at 54 m.
Site 13 - Transect #719 (100 m)

Upland Community

7\

2009 Looking up the line at 56 m. 2018 Looking up the line at 56 m.
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2009 Looking down the line at 56 m.

2018 Looking down the line at 56 m.

Site 13 - Transect #720 (100 m)

2009 Looking up the line at 34 m.

2009 Looking down the line at 34 m.

Upland Community

/\

2018 Looking up the line at 34 m.

2018 Looking down the line at 34 m.
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Site 13 - Transect #4 (100 m)

Upland Community

' e

2009 Looking up the line at 47 m. 2018 Looking up the line at 47 m.

2009 Looking down the line at 47 m. 2018 Looking down the line at 47 m.

Two examples of growth in the upland zone at Site 13 are presented below. Site 13 Transect
#4 upland photo comparison has the spruce tree pointed out in the 2012 photo. The same
tree has an arrow pointing to it in the 2018 photo. The tree has grown since 2012 but the
willow has surpassed it making it hard to see the tree.

The second example is for the upland Site 13 Transect #717. The first drawdown photo
shows the growth of the upland riparian vegetation taken from the 54 m mark looking at the
POC, but it is hard to see. The 2012 and 2018 upland photos were taken from standing on
a large tree that was down and approximately 1.5 m above the ground. The 2012 photo is
standing close to the 0 m (POC) looking up the line into the tree plot area. The red-osier
dogwood was an average height of 2.5 m and mountain alder averaged 3.0 m height. The
2018 photo, standing at the same place as the 2012 photo, shows dense red-osier dogwood
averaging 4.5 m tall and obscuring the sight of the tree plot. A second photo from 2018 is
past the western hemlock in the 2012 photo looking into the upland on the up-reservoir side
(sampling is on the down reservoir side of transect). The mountain alder averaged 5.0 m
tall within the tree plot in 2018.
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Site 13 Upland - Transect #4 (20 m)

2012 Looking into drawdown zone within upland. 2018 Looking into upland at 15 m in drawdown.
Site 13 - Transect #717 (15 m)

2009 Looking into the tree plot at 0 m. 2018 Looking into the tree plot at 0 m

2018 Looking up reservoir at 7 m.
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3.3.2 Vegetation Richness and Cover

Two vegetation characteristics were used to address the two study hypotheses; these were
total vegetation Cover (abundance) and species Richness the number of species. Three
main environmental factors were identified that affected vegetation: Site, Elevation, and
Substrate.

3.3.3 Overall Reservoir

As displayed, the total vegetation Cover from all of the repetitive quadrats decreased by
about one-half from 2009 to 2012 and then gradually decreased further in 2015 and 2018
(Figure 3-15) (P < 0.00, H = 1089). The vegetation sampled within the 1 m x 1 m Herb
guadrat followed a similar pattern with a significant decrease in Cover after 2009 (P < 0.00,
H =327). There were far fewer 2 m x 5 m Shrub quadrats which did not display a significant
change in Cover, over the decade interval (P = 0.138 H = 5.51). The 5 m x 10 m Tree
guadrats were limited to the band near the full pool shoreline (between full pool (576.7 m)
and 575.7 m) and displayed increasing cover over the interval (P = 0.004, H = 13.34),
probably due to the growth of the established trees. Alt S73 regime held full pool or near full
pool levels more consistently compared to the previous regime. This resulted in a decrease
in herbaceous cover but did not change shrub cover significantly and benefited the
established trees at the elevation band up to 1 m decrease in elevation from full pool. This
band is also the area with the longest exposure period.

Figure 3-15 provides a histogram presentation and these values could also be plotted as
points and linear regressions demonstrating the same, highly significant patterns:

e Total Cover — R?2=10.74,y = -2.52x + 5,088;

e Herb Cover —R?=76,y =-2.63x + 5,309;

e Shrub Cover — R? = 0.08 (not significant), y = -0.04x + 75; and
e Tree Cover—R?2=0.99, y=0.14x — 287.

DOTotal O Herb @ Shrub m Tree
45
40
35
30
25
20
15 1
10 1
5 4
0 [ T L s . e |

2009 2012 Year 2015 2018

Figure 3-15: Mean (+ s.e.) Total, Herb, Shrub, and Tree quadrat Cover for all of the reservoir
sites combined, across the four sampling years

Cover (%)
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Species Richness provides the second vegetation measure, and this was quite consistent
over the decade interval (Figure 3-16). The sampling year 2012 displayed an apparent slight
drop in Total Richness, which matched the drop in Herb Richness (Figure 3-16)

O Total OHerb B Shrub m [ree

Richness (#)

— P [ ey [y} [m] =)
= = = = = = = =
1 1 | 1 1 1 1
|

2009 2012 2015 2018
Year

Figure 3-16:  Total Richness (number of species) for all of the sites at the reservoir across
years, grouped into three classes (Herb, Shrub, and Tree).

3.34 Environmental Factors
With the observed changes in vegetation Cover (abundance) over the decade interval, the
next considerations investigated correspondences with the different environmental factors.
3.35 Site

Site provided the first environmental factor and represented the position along the reservoir.
The Sites were primarily at depositional deltas at the outflows of tributary creeks and had
been selected prior to the study as potentially providing opportunities for increased
colonization by riparian vegetation.

Vegetation Cover

In 2018, as in prior years, there was substantial variation in the vegetation Cover across the
Sites (Figure 3-17). The proportional rankings across the Sites were quite consistent, with
higher values at all Sites in 2009. There was a major decrease in Cover in 2012 and
subsequently at most Sites, the Cover in 2015 and 2018 was very similar. The exceptions
were Sites 5, 10 and 12, which had lower Cover values in 2018.

Across the years, there was a decrease in vegetation cover after 2009 (Figure 3-17). From
2012 to 2018 there was a gradual decline overall by 2018. Variation between years for
individual sites occurred across the sampling years of 2012 to 2018. Sites 5, 10 and 12 had
decreasing cover across the years from 2009 to 2018 with 2009 having the highest
vegetation for all sites.

With a shallower slope, Site 13 does not have the full, 10 m range in elevation that was
included for the other Sites. Therefore, it has a high representation of the first three elevation
brackets where most vegetation occurs. The first three metres of elevation change from full
pool was compared for all the Sites along the reservoir. This comparison resulted in a
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significant difference between Site 13 and the other sites 11 Sites (P < 0.001 for all sites
with a variation in Z-Statistic from -3.06 to -11.52). Therefore, when all sites only have the
first 3 m change in elevation compared to Site 13; Site 13 still has a significant increase in
vegetation cover suggesting that additional factors are responsible for the difference
between Site 13 to all of the other sites.

02009 m2012 02015 m2018

Cover (%)

5 6 7 10 11 12 13
Site Mumber

Figure 3-17:  Total mean (£ s.e.) vegetation cover for each Site for 2009 to 2018.

Dominant Species

There was reasonable consistency in the dominant plant species observed in the Duncan
Reservoir draw-down zones from 2009 through to 2018 (Table 3-13). Common horse tail
(Equisetum arvense) was the predominant species in 2018, as it has been since 2009.
Sedge was the grouping of all sedge species and in 2009 only beaked sedge was identified,
since most of the sedges lacked seed heads that are required for identification. In 2012 and
2015, we were able to identify two species, with beaked sedge the dominant species and
different secondary species in each year. In 2018, the three species were confirmed with
seed heads being common (Appendix 1). Due to the different assessments, all sedges were
combined for the interannual comparison.

Table 3-13: The dominant plant taxa cover rank for 2009, 2012, 2015, and 2018. Perennials
(P) and annuals (A) are indicated.

Common Name Species Code | 2009 | 2012 | 2015 | 2018
Common Horsetail (P) Equi_arv 1 1 1 1
Sedge species (P) Care_spp 2 5 4 2
Moss (A/P) depends on spp. Moss_spp 3
Narrow-leaved Collomia (A) Coll_lin 4
Green Smartweed (A) Poly lap 5 3 2 5
Nodding Wood-reed (P) Cinn_lat 4 2 3
Silvery Hair grass (A) Aira_car 3 5
Mouse-eared Chickweed (A) Cera_vul 4
Wormseed Mustard (A) Erys che 6
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The five dominant plant taxa for 2018 displayed substantial variation in Cover across the
Sites (Figure 3-18). Common horsetail occurred at all sites except Site 7 and was the most
abundant plant at four Sites. The second dominant grouping; mosses, occurred mainly at
Sites 3 and 4 and were present at seven of the twelve sites. Sedges (Care.spp) occurred
mainly at Sites 1, 9, and 13 with trace amounts at Sites 2 and 10. Narrow-leaved collomia
(Coll.lin) occurred at the downstream end of the reservoir (Sites 1, 2, 3, and 4) with trace
amounts at Site10. The fifth dominant species green smartweed (Poly.lap) occurred mainly
at Site 1 and other Sites had some smartweed except Sites 7, 11, and 13.

mEqui_arv (P) OCare_spp (P) mMoss (A/P) mColl_lin (A) oOPoly_lap (A)
14

—
[ = TR = T %

Mean Vegetation Cover

[ T L I -+

Site Number

Figure 3-18: Mean (+ s.e.) per cent Cover for the five dominant plant species versus Sites
in 2018 (A: annual; P: perennial). For Site 13, Equiv_arv was 43.8 per cent (s.e.
4.6) of the cover.

Species Richness varied about five-fold across the Sites and was highest at the southern
sites, closest to the Duncan Dam (low Site numbers; Figure 3-19). The Richness in 2018
was slightly higher at Sites 1 and 2 and then very similar to the Richness values for previous
years at the other Sites. Richness was generally lowest for the Sites with sparse vegetation,
including Sites 6, 7 and 12. Conversely, Site 10 had sparse Cover but considerable
Richness, while Site 11 displayed an opposing pattern, with considerable cover but lower
Richness.
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Figure 3-19:  Plant species Richness versus Site along the Duncan Reservoir drawdown
zone in 2009, 2012, 2015, and 2018.

Species Diversity

Species diversity varied across Sites within the southern end of the reservoir (Sites 1 to 5)
generally having higher diversity (Figure 3-20). Site 6 had very sparse vegetation by two
species resulting in a very low 2009 value. In subsequent years, Site 6 cover remained low
but with increased species richness which increased diversity. However, compared to the
other Sites diversity remained low. The middle to northern sites had an increase in diversity
to Site 10. Sites 11, 12 and 13 were along the west bank of the reservoir suggesting lower
diversity along that shoreline.

m 2009 Diversity m2012 Diversity n2015 Diversity F2018 Diversity
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Figure 3-20:  Shannon-Wiener indices of diversity (H’) by sites for 2009 to 2018.
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3.3.6 Elevation

Vegetation Cover

Increased vegetation Cover was noted with progress up the transect elevations to 576.7 m.
Per cent cover was similar from 2012 to 2018 at the -1 m bracket (576.7 m to 575.7 m (-1))
compared to 2009. The 2018 cover had a gradual decrease in cover with decreases in
elevation compared to 2012 and 2015 (Figure 3-21). All sampling years show a decrease
in cover from full pool down to -10 m into the drawdown zone from 2009.

Figure 3-21:  Mean (£s.e.) vegetation per cent (cumulative) versus elevation for quadrat
data grouped in 1 m elevational intervals for 2009 to 2018.

The 85" percentile was 576.04 m, with 0.64 m change in elevation from full pool being
exposed for 85 to 100 per cent of the growing season in 2018. Therefore, the first -1 m
change in elevation is greater than the 85" percentile range that is exposed. This elevation
band is where the majority of the shrub and tree species occurred. There were some woody
species occurring with the low cover in the -2 m elevation band at the herb and shrub size
guadrats, but no trees (> 2.0 m tall) (Figure 3-22). When woody species occurred in the -2
m band, they generally occurred at the upper end of the metre band in elevation. Woody
species that were less than or equal to 0.5 m tall were assessed in the herb quadrats but
separated out for this analysis, in order to investigate the level of inundation that limits
woody species recruitment and survival. No woody species were recorded in the -3 m
bracket or lower in the drawdown zone. Both grass and herbaceous species had slightly
lower vegetation cover at the -1 m elevation drop as compared to the -2 m band.

Similar trends occurred in previous sampling years with decreases in herbaceous cover at
the -1 m and -2 m band. The shrub layer stayed consistent for sampling years 2009 and
2012 with shrub cover decreasing in 2015 and recovering in 2018 at the -1 m band (Figure
3-22). This contrasts with the -2 m elevation which shows a slow but steady increase in
shrub cover for the elevation bracket. The drop in shrub cover at the -1 m bracket in 2015
may be a result from the July above full pool levels in 2012.

The tree cover is higher at the -1 m bracket with a steady increase since 2009. The tree
cover that occurred within this bracket had trees occurring within the 0.5 m drop in elevation
(576.7 m to 576.2 m) which is within the 85" percentile of the reservoir elevation for the
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previous years. At the -2 m bracket there was a slight increase from zero in 2018 but tree
cover did not account for measurable cover during the study period.
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Figure 3-22:  Mean per cent cover for Herb (H), Shrub (S), and Tree (T) quadrats for the four
sampling years within the -2 m change in elevation brackets from full pool.

Dominant Species by Elevation

For the five dominant species, it appears that perennials decrease as elevation decreases
from full pool while the two annual species have a reverse gradient with cover decreasing
as elevation increases toward full pool. Figure 3-23 shows these species listed in their
ranked order from highest to lowest versus the elevation gradient. Common horsetail and
sedges were the perennial species that occurred at high densities at the -2 m change in
elevation bracket. Sedges did not occur below -5 m while common horsetail occurred
through all elevations but at a reduced cover past the -4 m elevation bracket. At the lower
elevations, common horsetail vegetation was composed of first year seedlings. The sedges
were remnants of sedge communities that were probably large areas and well established
before Alt 73 regime started. Cover has been decreasing at the -4 m and -5 m elevation
since 2009 for sedge species.
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Figure 3-23: Mean (+ s.e.) per cent cover for the five dominant plant species versus
elevation brackets within the drawdown zone of Duncan Reservoir in 2018.

When all of the annual species are plotted next to the perennials, a clear trend emerges
similar to the findings in 2012 and 2015. Annual species dominated the lower elevations of
the drawdown zone and perennials were predominant in the upper elevations (Figure 3-24).
Elevation bracket -2 m has the highest herbaceous cover in 2012, 2015, and 2018.
Elevation bracket -1 m is impacted by woody debris reducing herbaceous cover. The
perennial species that occurred within and below the elevation bracket -6 m was dominated
by common horsetail.
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Figure 3-24:  The mean per cent cover for annual and perennial plants versus the elevation
brackets at which they occurred within the Duncan Reservoir drawdown zone
in 2018.
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Species Richness

There were 72 species recorded within the reservoir drawdown zone for the 12 sites
sampled. These species were split into three categories:

e 53 herbs made up of forbs, graminoids, mosses, and ferns and grouped as ‘Herb’;
e 12 species of shrubs; and
e 7 species of trees.

Not all shrub species were recorded within shrub plots, small shrub species <0.5 m tall were
always recorded with herb plots because of their size. Other exceptions were seedlings of
tree and shrub species recorded in herb plots and or within tree or shrub plots because of
their size and not what species they were. The complete list of species (common and
scientific names) as well as codes (first 4 letters of genus and first 3 letters of species) is
located in Appendix 1.

Species richness also followed an elevation gradient from high (62 species) within the first
metre of full pool elevation (576.7 m) to low (11 species for brackets -8 m) (Figure 3-25).
The top metre bracket (-1 m) is the band where the majority of the tree and shrub species
occurred. Comparison across sampling years, 2009 to 2018 showed a similar pattern for all
years.
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Figure 3-25:  Plant species richness versus elevation in the Duncan Reservoir drawdown
zone in 2009, 2012, 2015 and 2018. Reservoir elevations are in one-meter

increments, starting at full pool (0 to -1 m bracket) and dropping to -8 m (-7 m
to -8 m) below full pool.

Species Diversity

The Shannon-Wiener (‘H’) or “Shannon” index varied across the elevations, with the lowest
on average for bracket -3 m in the drawdown zone for years 2012 to 2018 (Figure 3-26).
The highest ‘H’ values were observed for elevation bracket -1 m. The lowest ‘H’ value
occurred in 2018 (1.3) for the elevation bracket -3 m.

96



March, 2022 Duncan Reservoir Riparian Vegetation Monitoring
File: 17.0057.00_003 DDMMON#8-2

VAST Resource Solutions Inc. BC Hydro

w2009 Diversity =2012 Diversity =2015 Diversity @&2018Diversity
3.5

3.0 4

Shannon-Yiener Index (H')

Reservoir Elevation (1 m brackets)

Figure 3-26:  Vegetation diversity (Shannon-Wiener diversity (‘H’)) versus 1 m elevation
brackets for 2009 to 2018.

3.3.7 Exposure

The reservoir duration of exposure related to the reservoir drawdown zone elevations was
investigated in 2018. Exposure time was graphed versus elevation (in 1 m brackets) to
evaluate the differences between these two correlated factors. Figure 3-27 shows the non-
linear association between the factors.
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Figure 3-27:  Exposure time versus elevations across the study years.

The new factor, Exposure was graphed for mean vegetation cover by exposure time (Figure
3-28). The trendline slopes are consistent with cover increasing with increasing exposure.
There is a clear and consistent downward shift from 2009 to the other three sampling years,
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which are similar. Exposure should have partly absorbed the Year influence, but it did not.
This indicates that not only the stage pattern, but an additional factor(s), is contributing to
the decline of vegetation cover after 2009.

Figure 3-28: Mean (ts.e.) vegetation per cent (cumulative) for the reservoir for each year
versus the exposure days that occurred for the year preceding the June
sampling date of the vegetation. The x axis s.e. are smaller than the symbols.

Exposure times were compared from 2008 to 2017 with the exposure times in days for each
elevation bracket for the growing season each year (Table 3-14).

Table 3-14: Exposure time (days) that occurred during years from 2008 to 2017 (the year
influencing the June 2018 vegetation inventory). The colour coding indicates
the degree of impact from inundation (green — favorable (>160 days), yellow —
intermediate (> 105 days, red — unfavorable (<105 days) (Hawkes and Gibeau
2015)). The categories are defined in 2.3.4 Environmental Factors — F.
Exposure Time.

Year

Elevation 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

575.7 (-1m) | 183 140 170 160 171 171 177 180 183 173
574.7 (-2m) | 142 135 153 138 133 129 143 180 151 137
573.7 (-3m) | 137 109 133 115 120 105 127 172 137 111
572.7 (-4m) | 127 90 120 104 112 82 117 150 126 101
571.7 (-5m) | 120 78 101 92 104 81 109 129 114 88

570.7 (-6m) | 111 75 97 80 95 79 93 109 103 86
569.7 (-7m) [ 106 71 92 78 88 77 90 95 98 83
568.7 (-8m) | 100 66 89 76 86 75 88 91 94 81
567.7 (-9m) [ 97 62 86 73 85 73 86 88 91 78
566.7 (-10m)[ 94 59 82 71 83 71 83 85 88 76

Table 3-15 shows all years of the study period for each month of the growing season. The
percentage of time of Inundation is shown as a requirement of BC Hydro (2017) but for
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analysis of the study years this was converted to Exposure time in days. The colour coding
is explained in Section 2.3.4 Environmental Factors with the short form of: green = favorable
(> 160 days), yellow = intermediate (>105 days), and red = unfavorable (<105 days).
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Table 3-15: Monthly inundation percentage (1 = all days for the month exposed), for the
Alt S73 time period.
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3.3.8 Substrate

The Substrate texture index (1 = silt, very fine to 5 = bolder, very coarse) showed a steady
increase of particle size with decreasing elevation similar to previous surveys (Figure 3-29).
There has been an increase in substrate texture from -3 m bracket to -8 m bracket in 2018
compared to previous years. The finer substrate is being eroded away with reservoir level
fluctuations especially from the -3 m elevation bracket to -8 m gradient.

Figure 3-29: Mean (+ s.e.) substrate texture index versus elevation grouped into 1 m
elevational intervals for 2009, 12, 15, and 18. Substrate texture index (1 = silt
(very fine) to 5 = bolder (very coarse)).

The substrate texture index showed variation for sites across the years (Figure 3-30). Site
1 remained similar across years with Sites 3 and 4 showing the most variation across years.
The middle to the upstream end sites has higher substrate textures (courser) compared to
the downstream sites. Consistent with previous comparisons by site, Site 13 is the exception
with it being the most upstream site but with the finest texture index.
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Figure 3-30: Mean (* s.e.) substrate texture index for each site for 2009, 2012, 2015, and

2018.

The vegetation cover by the substrate texture index was graphed across the quadrats for
the four sampling years (Figure 3-31). As substrate increased in coarseness, vegetation
cover decreased, i.e., finer substrates (lower values) are favoured by vegetation. There’s a
downward pattern, apparently similar across years, although 2015 has some low values
around 1 that distort the pattern. The 2012 and 2018 regressions are very similar.
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Figure 3-31:
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Mean (x s.e.) vegetation cover versus the substrate texture index for all sites

in the drawdown zone of Duncan reservoir for 2009 to 2018.
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Dominant Species

The five dominant species for 2018 were then graphed versus the substrate texture index.
The scatter plot was difficult to see the differences between species; and consequently, the
substrate texture index was grouped into 0.5 brackets with the average for each species
graphed within each bracket (Figure 3-32). There were no mid-points for index categories
4.6 to 4.8 for the five dominant species.

Common horsetail highest cover occurs on the finest texture which is the main texture for
Site 13. Moss is found mainly where fine substrate texture occurs. Sedges appear to have
the highest cover within the texture bracket 2 which is a fine substrate. Smartweed grows
well on the 2.5 to 3 substrate texture index and vegetation cover is low for the course texture
index ratings for all of the five dominant species with no common horsetail occurring at the
4.7 and 4.8 course texture index category.
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Figure 3-32:  Average cover for the five dominant species in 2018 versus substrate texture
index.

Common horsetail and moss had the strongest association with substrate texture with R? =
0.49 and R? = 0.46 respectively. Sedge did not show a strong association with substrate
texture (R? = 0.07) nor was there an association for narrow-leaved collomia or green
smartweed (R? = 0.05 and R? = 0.04 respectively).

3.3.9 Slope

Steep slopes show a gradient of reduced vegetation cover from shallow slopes to steep
slopes. The regression plots display a downward shift after 2009 and then consistent
patterns for the other years. Slope was a significant influence, but it was also partially
correlated with Substrate (steep slopes don't have fine sediments).
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Figure 3-33: Mean (z s.e.) vegetation cover versus slope for all Sites in the drawdown
zone of the Duncan reservoir for 2009 to 2018.

3.3.10 Bare Ground

By Site

Bare ground averaged for each site illustrates the differences across sites (Figure 3-34).
The ‘Water’ category included flowing and pooled water that occurred along transect lines
during sampling (water occurred at other sites but not along transects) and was recorded
for four of the twelve sites. There is an increase in the total bare ground from the middle to
the upstream end of the reservoir with Site 13 the exception. Additionally, Site 13 does not
have ‘Rock’ and has the smallest amount of total bare ground. Note that ‘Soil’ means any
bare ground that is not boulders, bedrock, wood, or water.
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Figure 3-34:  Mean (+ s.e.) bare ground and litter covers by sites for 2018.
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By Elevation

Bare ground was graphed by elevation. Woody debris (Wood) had a moderate association
with elevation change (R? = 0.64). Woody debris mainly occurred at the -1 m bracket below
full pool. Bare ground, broken into ‘Soil’ and ‘Rock’, where Soil was all bare ground that was
not rock had the same increase with decreasing elevation into the drawdown zone as in
2015 (Figure 3-35). Rock had a steady increase as the elevation dropped with a strong
association (R? = 0.77). Bare ground listed as ‘Soil' had an R? = 0.47 with a dramatic
increase at the -3 m elevation bracket and then levels off for the lower elevations (-3 m to -
8 m). When all bare ground is combined, the R? = 0.82 indicating a strong association with
increasing bare ground as the elevation decreases. Litter was highest at the 1 m bracket
with low levels at the -2 and -3 metre brackets and close to zero or zero at the lower
elevations. This indicates that the plant growth in the late summer and early autumn growing
season produces very small amounts to no dead plant material. As the following spring,
when sampling occurs, there has been no inundation to remove the buildup of litter. At the
-1 m bracket, the top end of the bracket in most years does not get inundated so litter is
available to buildup on the ground surface.
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Figure 3-35:  Mean bare ground and litter covers by elevation for all sites combined.

3.3.11 Spatial Distribution Pattern by Site

As another means of simultaneously considering vegetation cover and species richness,
the mean values for these two measures were plotted for each site in previous reports. This
graphical approach is similar to ordination, although only two measures are included. Along
with the plotting, we have identified apparent clusters of sites with similar vegetation
characteristics.

In 2009, there were distinct groups of sites at the downstream (dam) end of the reservoir,
the peninsula (Sites 4 and 5) grouped with the downstream end, and the upstream end of
the reservoir. Site 6 was unique and occurred in the middle reach and Site 13 occurred in
the Delta area of the reservoir (Figure 3-36). This tight grouping by geographical location
changed across years with less defined groups by location by 2018.

In 2012, there was no longer a peninsula group as Sites 4 and 5 were grouped with the
downstream end. Site 2 moved out of the downstream group and Sites 6 and 7 were
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grouped representing the middle of the reservoir gradient (Figure 3-36). Site 13 remains
unique in the Delta section of the reservoir in 2012. See Figure 2-1 for physical locations.

In 2015, there were new shifts in groups with Site 2 moving back into the downstream end,
and the upstream end consisted of Sites 9, 10, and 11. There was a new group, Sites 7 and
12 that were very similar. However, Site 12 is located at the most upstream end of the
reservoir and Site 7 occurs in the middle (Figure 3-36).

In 2018, there is further loss of distinct grouping by geographical location. Site 2 moved out
of the downstream end group again. The downstream end cluster is similar to the 2012
cluster but not as tightly grouped. The upstream end group is similar to the 2015 cluster.
Site 6 remains in the Middle position but Sites 7 and 12 are now similar to Site 6 but with
higher richness (Figure 3-36).

In 2012, data shows a decrease in richness for all sites compared to 2009. The cover
showed variation with some sites increasing cover while other sites had decreased cover in
2012 compared to 2009.

Shifts in site positions in 2015 compared to 2012 had the downstream end group with similar
cover and an increase in richness. The upstream end had similar cover and richness but
not clustered as tightly as in 2012. Site 12 that moved out of the upstream end group had a
decrease in cover and richness. Site 6 remained consistent compared to 2009 and 2012.
The delta Site 13 had a similar cover but an increase in richness.

By 2018, the pattern of reservoir position related to vegetation cover and vegetation
richness is not as evident as in 2009. There still are downstream end and upstream end
groups. However, there are sites within the two groups that are no longer associated closely
with the groups. Similar to previous sampling years, decreases in cover and or in richness
were responsible for the sites shifting in and out of groups. The two sites that were the
exception, Sites 6 and 13 remained in similar position for each of the sampling years.
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Figure 3-36: 2009, 2012, 2015, and 2018 mean (+ s.e.) vegetation cover (cumulative per cent cover) versus mean (+ s.e.) species

richness for quadrats at 12 sites (site # next to point) in the drawdown zone of Duncan Reservoir. Apparently similar

sites are enclosed in the dashed circles and oval.
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3.4Associations between Vegetation Characteristics and Environmental Factors

34.1 Bivariate Correlations

Some of the correlations between environmental factors and vegetation characteristics
have already been presented in the preceding sections, with linear regressions for particular
years. In preparation for the factor analysis, we undertook a further, systematic assessment
of all pairings, with the combined results from all Years.

As indicated in the Methods, we undertook conventional Pearson product-moment
correlations (r), as well as two non-parametric rank order tests, the Kendall 1T-b and
Spearman rho. The three tests produced very similar outcomes and we will primarily present
the Pearson r results.

As described in the Methods, for consideration as a prospectively important association we
required that a correlation must reach the statistical threshold of p < 0.01. This elevated
standard reflected a large number of pairings and repeated analyses of the same quadrat
positions, which violated the requirement for sample independence.

Environmental Factors

We analyzed the environmental factors as presented in Table 3-16. For this, we substituted
Location homenclature for Site, with slight renumbering to fill the gap for the deleted Site 8
and with sequencing from the Dam northward, including the three Sites along the west

shoreline.

Table 3-16: Pearson product correlation coefficients (r) between paired environmental
factors, for ~600 vegetation quadrats assessed at four triennial intervals, at
twelve Sites along the Duncan Reservoir. Positive correlations of 0.2 or more
are in red, while negative correlations, -0.2 or below, are in blue (** = p < 0.01).
Location Distance Elevation Exgr(;seure Substrate  Slope  Aspect

Year .000 .000 .000 -.038 .056™ .000 .000
Location -.352™ -.102™ .099™ -.089" .090"  -.284"
Distance 534" -.488™ -.039 -.353"  .069™
Elevation -.909™ .140™ .099"  .070"
Exposure -213%  -009"  -114"
time

Substrate 306" .240™
Slope .102"

Of the substantial correlations, Distance and Aspect were negatively correlated with
Location (Table 3-16), partly reflecting the long and west-facing transects in the Sites
closest to the Dam and particularly Sites 1 and 2 at Glacier Creek. Elevation represented
the downward progression, and this increased with Distance. Elevation was of course
strongly negatively correlated with Exposure time, with 81% correspondence (-0.909?). With
these correlations, the position characteristics of Elevation, Distance and Exposure are
somewhat redundant, and analytical or predictive models would usually include only one of
these three.

Exposure and Substrate were negatively correlated (Table 3-16) since finer sediments were
common in some positions closer to the full pool shorelines. Substrate and Slope were
correlated as fine sediments are readily washed from steeper slopes. While Substrate was
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correlated with Aspect, due to the common alignments at Sites, there was limited variation
in this factor, which was correlated with Location.

Vegetation Characteristics

As indicated in the Methods, we considered Cover and Log conversions, which may
normalize the distributions. For Richness, we considered square root conversion, which has
been applied for some other vegetation community studies.

Most of the vegetation characteristics were positively correlated (Table 3-17). Relative to
Cover, Total Cover was predominantly due to Herb Cover, and these were thus largely
redundant. Slightly surprisingly, Herb Cover was not correlated with Shrub Cover, and this
probably reflects the extensive zones below about 3 m below full pool, which supported
herbaceous plants but rarely shrubs.

Table 3-17: Pearson product correlation coefficients (r) between paired vegetation
characteristics, for ~600 vegetation quadrats assessed at four triennial
intervals, at twelve Sites along the Duncan Reservoir. Positive correlations of
0.2 or more are in red, while pairings of values with their transformations are
in purple and underlined (H = Herb; S = Shrub; Sqrt = square root) (** = p <

0.01).
Log Herb Log Shrub Log Richness S_qrt H_erb
Cover Cover  HCover Cover SCover Rich. Rich.
Cover .846- .895™ .780™ 410™ .378™ .460™ 464" .393"
LogCover .804™ 957" 252" 274" .592™ .653™ 5577
HerbCover .849~ -.019 -.006 4017 420" 4197
LogHCover .035 .051 .559™ .623™ 581"
ShrubCover .900= 223" .190" .034
LogSCover .246™ .219™ .045
Richness .945= .953"
SqgrtRichness 912"

The correlations between Cover and Richness may be most important and they were
strongly correlated (Table 3-17), except for the combination of Shrub Cover and Herb
Richness. The positive correlations suggest that environmental conditions that are favorable
for vegetation Cover would also be generally favorable for species Richness, and thus
multiple plant taxa would benefit. For this pairing, while the Pearson r was 0.653, Kendall's
T was also highly significant (p < 0.01) but slightly lower at 0.549.

For the pairings, the Log conversion of Cover consistently increased the correlations while
the changes following the square root conversion of Richness were irregular (Table 3-17).
These findings encourage analyses with the transformed Log Cover, rather than Cover, but
both Richness and Sqrt. Richness could be explored.

The correspondence (r?, as per cent) between Log Cover and Sqrt Richness was ~43 per
cent (Table 3-17), and thus slightly less than one-half of the variance was shared. This might
support the factor analysis approach with Multivariate Analyses of Variance.
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Correlations between Vegetation Characteristics and Environmental Factors

Following from the correlations among environmental factors or vegetation characteristics,
we selected the pairings that appeared most promising. We also undertook all of the
possible pairings, and we thus present the key pairings in Table 3-18.

Table 3-18: Pearson product correlation coefficients (r) between selected environmental
factors and vegetation characteristics, for ~600 vegetation quadrats
assessed at four triennial intervals, at twelve Sites along the Duncan
Reservoir. Positive correlations of 0.2 or more are in red, while negative
correlations, -0.2 or below, are in blue (H = Herb; S = Shrub; Sqrt = square
root) (** = p <0.01).

LogCover LogHCover LogSCover  Sqgrt Richness

Year -.257" -.281" .034 .014

Location -.071" -.063" -.069™ -.331"
Eé‘lgosure 208" 218" 364" 139"
Substrate -.307" -.273" -.185™ -.185™
Slope -.260™ -.249™ -.059" -.242"

Cover is primarily from Herb Cover and both Log Cover and Log Herb Cover were negatively
correlated with Year (Table 3-18). This again reflects the decline in vegetation cover after
2009, as was detected in the community analysis from air photo interpretation and the
patterns reported for the Overall Reservoir of Results section 4.4. As already recognized,
the Exposure time was positively correlated with Cover, including Log Cover, Log Herb
Cover and Log Shrub Cover.

Both Log Cover and Log Herb Cover were negatively correlated with Substrate and with
Slope (Table 3-18). Thus, vegetation is disfavored with the coarse substrate, which provides
an increased substrate texture index. Vegetation is also disfavored by steep Slopes, and
this may partly reflect the association between Substrate and Slope since favorable, finer
sediments are disfavored on steeper slopes.

Slope was also negatively correlated with species (Sqrt) Richness (Table 3-18) and thus
steep slopes disfavor vegetation Cover and Richness. Again, there would be some likely
influence through substrate since some of the steep slopes include a very coarse substrate
and even bedrock, which is inhospitable for most vegetation. Finally, Richness was
negatively correlated with the Site Location, and this reflects the higher Richness at the
southern Sites and Locations closer to Duncan Dam, including the Glacier Creek Sites 1
and 2.

These bivariate correlations (Table 3-18) provide guidance for the factor analyses and the
subsequent predictive modeling. Those would logically commence with combinations of the
environmental factors that were individually correlated with the vegetation characteristics.

Factor Analyses — Multivariate Analyses of Variance

The prior regression and correlation analyses treated the environmental factors and
vegetation characteristics as continuous, scalar variables. Those analyses were less
suitable for Location since the different Sites varied in a range of characteristics that did not
display progressive variation extending upstream from the Duncan Dam. Factor analyses
were thus undertaken, and these are better suited for categorical variables such as
Location, and also allow for analyses of interactions between factors.
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For the factor analyses, as described in the Methods, the continuous variables that were
treated as independent factors were binned or grouped. We sought regular groupings
relative to the range of observed variation but also selected thresholds where there were
breaks in the distribution. We also undertook some merging to provide about 15 groups with
fairly similar numbers of members per group to provide sufficiency for analyzing
combinations of environmental factors.

We sought common models that would best explain the two vegetation characteristics of
Cover (Log Cover) and Richness (Sgrt Richness), and thus undertook Multivariate
(Bivariate) Analyses of Variance (MANOVA). The considerable, positive correlation
between these two vegetation characteristics (Table 3-17) also supports this approach.

As described in the Methods, the analyses used the SPSS General Linear Model module,
with Multivariate analysis to provide the MANOVAs. We assessed the five environmental
factors, with the grouped classes for Exposure time, Substrate and Slope. We commenced
with each individual factor and then assessed all two and then three factor combinations
(Table 3-19).

All of the analyses provided highly significant outcomes (p < 0.01). Table 3-19 provides the
model fits, with the R? for the dependent variables Log Cover and Sqrt Richness. It also
shows the Combined outcome with double weighting for Cover since it displayed variation
over the decade interval after the implementation of Alt S73. Richness was consistent
across the four vegetation surveys (Table 3-17 and Table 3-18).

Combined R? = ((Log Cover R? x 2) + Sqgrt Richness R?)/3).
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Table 3-19: Coefficients of determination (R?) for Cover and Richness and a Combined

measure from MANOVAs that investigated effects from 1, 2 or 3 environmental
factors that varied across vegetation quadrats in the draw-down zone of the
Duncan Reservoir, that were inventoried in four triennial intervals after the
implementation of Alt S73. The best fit models are highlighted with bold, red
values. The letters in the first column indicate models that are described in the

text.
Exposure | Substrate | Slope Log Sqrt
Year | Location Class Class Class Cover Richness | Combined
1 Factor R2
X 0.089 0.012 0.064
X 0.266 0.370 0.301
A X 0.113 0.023 0.083
X 0.112 0.046 0.090
X 0.127 0.133 0.129
2 Factors
X X 0.413 0.407 0.411
X X 0.194 0.036 0.141
B | x X 0.301 0.097 0.233
X X 0.243 0.149 0.212
X X 0.361 0.407 0.376
X X 0.362 0.479 0.401
X X 0.338 0.440 0.372
B X X 0.240 0.099 0.193
X X 0.268 0.244 0.260
X X 0.260 0.280 0.267
3 Factors
X X X 0.529 0.475 0.511
X X X 0.531 0.532 0.531
X X X 0.530 0.516 0.525
C | x X X 0.403 0.186 0.331
X X X 0.390 0.270 0.350
X X X 0.472 0.385 0.443
X X X 0.480 0.541 0.500
C X X X 0.443 0.490 0.459
X X X 0.461 0.547 0.490
X X X 0.490 0.477 0.486
D Elevation | x X 0.452 0.470 0.458
Exclude Site 13 X X X 0.446 0.475 0.456
Exclude Bare Quads X X X 0.469 0.427 0.455
Year
2009 | x X X 0.758 0.688 0.735
E 2012 | x X X 0.488 0.573 0.516
2015 | x X X 0.527 0.578 0.544
2018 | x X X 0.637 0.567 0.614
= 2018 | x 0.450 0.430 0.443
2018 | x X 0.580 0.498 0.553

(A) 1 Environment Factor

Location provided, by far, the strongest explanatory variable for both Cover and Richness
(Table 3-19). This accounted for about 30% of the vegetation characteristics (Table 3-17)
while the other environmental factors accounted for about 10%, or less. Appendix 4 includes
the SPSS MANOVA output for the best-fit single environmental factor, Location.
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(B) 2 Environmental Factors

With 2 factor MANOVAS, Location continued to provide a primary factor. Its combination
with each of the other four factors led to about a 10% improvement in model fit, thus
accounting for ~ 40% of the variation (Table 3-19). Its pairing with Year provided the best fit
for Cover, with Year, Location and the Year x Cover Interaction displaying highly significant
effects (Appendix 4, SPSS MANOVA output for the best-fit two factor model for Cover,
which combined Year and Location).

The pairing with Location and Substrate (Class) provided the best two factor fit for Richness
(Table 3-19). While Location displayed a strong effect, Substrate alone did not, and instead,
the interaction of Location x Substrate was apparently influential (Appendix 4, SPSS
MANOVA output for the best-fit two factor model for Richness, which combined Location
and Substrate).

(C) 3 Environmental Factors

The addition of a third environmental factor increased the model fit by a further 10%, raising
this to about one-half (R? = 0.5, 50%; Table 3-19). A number of combinations produced fairly
similar outcomes and the combination of Year and Location along with any one of the other
three factors, resulted in the highest model fits and particularly the strongest fit for Cover.
The combination of Year, Location and Substrate (Table 3-20) may have been marginally
better than Year, Location and Slope. The influence of Year is consistent with the observed
decline in vegetation Cover over the study decade, while Location was the predominant
influence in the one and two factor analyses (Table 3-19). Consistent with the two-factor
outcome, the influence of Substrate was apparently due to specific combinations of
Substrate and Location, as evidenced by the interaction terms (Table 3-20). Other
interactions were also significant, complicating the patterns. The model fits were reduced
when interactions were excluded, indicating that these were influential, but the number of
significant interactions challenges the interpretation.

The replacement of Year with Exposure time resulted in another effective three factor
model, which, apparently, slightly improved the fit for Richness, while the fit for Cover was
reduced (Table 3-19). Exposure time did not display a significant effect on Richness alone
(Table 3-21) but a significant Location x Exposure interaction again indicates that the
different Sites displayed some differences in the response characteristics relative to the
other environmental factors. It was notable that there was no significant interaction between
Exposure and Substrate, although the apparent three-way interaction further indicates
some complexity in the influences of particular environmental combinations.
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Table 3-20:

Tests of Between-Subjects Effects

SPSS MANOVA output for the best-fit three factor model, which combined
Year, Location and Substrate.

Type Il Sum Mean
Source Dependent Variable] of Squares df Square F Sig.
LogCover 7812 365 2.14 8.41 .000
|Corrected Model SgrtRichness 967° 365 2.65 8.44 .000
lintercept Loch_)ver 599 1 599 2351 .000
SgrtRichness 907 1 907 2892 .000
Vear LogC9ver 39.1 3 13.0 51.2 .000
SgrtRichness 6.40 3 2.13 6.80 .000
W ocation LogC9ver 120 11 10.9 42.9 .000
SgrtRichness 292 11 26.6 84.7 .000
LogCover 9.84 16 0.615 242 .001
SubstrateClass SgrtRichness 5.68 16 0.355 1.13 .318
Vear * Location Loch_)ver 26.9 33 0.814 3.20 .000
SqrtRichness 25.6 33 0.776 2.48 .000
" LogCover 22.2 46 0.482 1.89 .000
vear* Substrate SqrtRichness 16.0 46 0.347 1.11 .288
- LogCover 61.1 114 0.536 2.10 .000
|Location * Substrate SqrtRichness 98.5 114 0.864 2.76 .000
Year * Location * LogCover 53.7 141 0.381 1.50 .000
Substrate SgrtRichness 81.8 141 0.580 1.85 .000
lerror LogC9ver 515 2021 0.255
SgrtRichness 634 2021 0.314
LogCover 3333 2387
Total .
SgrtRichness 4464 2387
LogCover 1296 2386
ICorrected Total SgrtRichness 1601 2386

a. R Squared = .603 (Adjusted R Squared = .531)
b. R Squared = .604 (Adjusted R Squared = .532)
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Table 3-21: SPSS MANOVA output for a near best-fit three factor model, which combined
Location, Exposure time and Substrate.
Tests of Between-Subjects Effects
Type lll Sum Mean
Source Dependent Variable of Squares df Square F Sig.
LogCover 8132 677 1.20 4.25 .000
Corrected Model SqrtRichness 1074 677 159 515 | .000
Intercept LogCgver 440 1 440 1556 .000
SqrtRichness 710 1 710 2303 .000
Location LogCQver 72.8 11 6.62 234 .000
SqrtRichness 215 11 19.5 63.3 .000
ExposureClass LogCgver 17.0 11 1.54 5.47 .000
SqrtRichness 2.53 11 .230 .746 .695
LogCover 9.16 16 572 2.03 .009
SubstrateClass SqrtRichness 7.60 16 475 154 | .077
Location * Exposure LogCgver 63.4 111 571 2.02 .000
SqrtRichness 68.0 111 .612 1.99 .000
- LogCover 60.3 113 .534 1.89 .000
Location * Substrate o 10 hness 95.2 113 842 273 | .000
Exposure* Substrate LogCgver 44.1 145 .304 1.08 .259
SqrtRichness 49.2 145 .339 1.10 .205
Location * Exposure * LogCover 106 264 402 1.43 .000
Substrate SgrtRichness 108 264 411 1.33 .001
Error L0q09ver 483 1709 .282
SgrtRichness 527 1709 .308
Total L0q09ver 3333 2387
SgrtRichness 4464 2387
Corrected Total L0q09ver 1296 2386
SartRichness 1601 2386

a. R Squared = .628 (Adjusted R Squared = .480)
b. R Squared = .671 (Adjusted R Squared = .541)

(D) 3 Environmental Factors — A Hydrogeomorphic Model (HGM)

Following from our factor analyses of the expanded 2009 data set (Polzin et al., 2010), we
had concluded that the combination of three physical environmental factors could enable
an effective, hydrogeomorphic model (HGM; Hauer and Smith, 1998). This would represent
a model that considers the water regime and the substrate characteristics that enable
colonization and growth of riparian plants.

The three-factor model with Exposure time, Substrate and Slope (Table 3-19) provides an
HGM and the fit for this model was only a few per cent lower than the highest fit, with the
inclusion of Year and Location. Year and Location provide specific times or places, while
an effective HGM might be more broadly applicable and less constrained by the specific
spatial-temporal context. The model concludes that longer exposure, fine substrate and
shallow slopes would favour more abundant and diverse vegetation in the Duncan Reservoir
draw-down zones, or more broadly for other river or reservoir riparian zones.

We explored some variations with this HGM, and these conclusions would be similarly
applicable for the other three factor models. Exposure time provided a slight improvement
relative to Elevation (Table 3-19). This was expected since it is the inundation and exposure
pattern that is important, and this is imperfectly correlated with Elevation due to the non-
linear patterns of reservoir draw-down and fill.

There was a slight reduction in the model fit if Site 13 was excluded (Table 3-19). This Site
is situated near the Duncan River inflow and delta and was quite different than the rest of
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the Sites. It had a shallower slope and more extensive vegetation, but this was primarily a
single species, horsetail. The inclusion of the data from the quadrats at this Site improved
the model fit by a few per cent for Cover, while the fit for Richness was unaffected.

The reservoir draw-down zones are relatively sparsely vegetated, and this resulted in
numerous Bare quadrats. To investigate whether this diluted the patterns, the analyses
were undertaken excluding any quadrats that had no vegetation in any of the four survey
years. In contrast to the prospect that these blanks could diminish the models, their
exclusion slightly reduced the model fits for both Cover and Richness (Table 3-19). Thus, it
was beneficial to include the complete data sets in the factor analyses.

(E) 3 Environmental Factors — By Survey Year

As discussed in the Methods, the study design for this investigation included the
reassessments of the same (or nearby) quadrats at four, three-year intervals. This would
not present a problem for the lower elevation quadrats that would only support annual plants
that were renewed yearly but for the quadrats at higher positions near reservoir shoreline.
The same perennial plants could be assessed in sequential surveys, violating the
requirement for sample independence.

To remove this challenge from repeated measures, we also undertook the factor analyses
with only the quadrats from individual survey years. This would exclude the environmental
factor Year, and we present the results from analyses of the best fit three factor model
without Year, which included Location, Exposure time and Substrate (Table 3-19). This
improved the model fits relative to both Cover and Richness, especially for 2009, with the
model approaching an explanation of three-quarters of the variation in vegetation
characteristics across the quadrats. This strong fit was consistent with the outcome from
the prior analysis of the full set of continuous quadrats along transects that were inventoried
in 2009 (Polzin et al., 2010), rather than the subset that included quadrats at the beginning,
middle and end of each vegetation or cover band.

The three-factor model fit was substantially reduced for the 2012 results, and some prior
analyses have also revealed some differentiation in 2012, possibly associated with the
steeper reduction in vegetation after 2009 (Figure 3-17, and Figure 3-18). The model
correspondence slightly increased for 2015 and further increased for 2018 (Table 3-19).
The analyses of individual years support the environmental influences that were revealed
with the analyses of the full, four-year data set and reduce the concern for challenges due
to pseudoreplication or neglect for repeated measures.

3.4.3 Predictive Modeling — Multiple Linear Regression

This was the third analytical approach and builds upon the findings from the prior bivariate
correlations and the factor analyses. Those revealed that the vegetation characteristics